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BREAK IN NO. 2 HYDRAULIC TURBINE AT WACHUSETT 
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BY WILLIAM E. FOSS, CHIEF ENGINEER, METROPOLITAN WATER 
WORKS. 
[Read March 12, 1919.) 


- The Wachusett Power Station of the Metropolitan Water 
Works is situated just below the Wachusett Dam in Clinton. 

The building is of granite masonry, 100 ft. in length by 70 ft. 

in width, and the easterly portion is used for the Wachusett 
‘Department offices. The superintendent’s office is on the second 
floor, and the civil engineering office is on the third floor, with a 
loft above it. 

The hydro-electric machinery is on the first floor, which is about 
92 ft. below high water in the Wachusett Reservoir. 

The plant includes four 1 000-kw., 13 800-volt alternating-cur- 
rent generators, directly connected with horizontal-shaft hydraulic 
turbines, which operate at a speed of 400 revolutions per minute, 
and two 60-kw., 125-volt direct-current exciter generators also 
operated by hydraulic turbines. Each of the main turbines is 
provided with a type Q Lombard governor, arranged for auto- 
matie or hand operation as desired. 

The water supply for each unit enters the gate chamber through 
ports in the upstream face of the dam, and after passing the screens 
enters a vertical circular well 7 ft. in diameter through two open- 
ings, each 6 ft. high and 23 ft. wide, which are provided with 
sluice gates arranged for operation by hand or by electric motor, 
as desired. 
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From the bottom of the circular well the water flows through 
a horizontal cast-iron pipe 4 ft. in diameter for a distance of 115 ft., 
to a point under the turbine, and rises vertically 15 ft. to the base 
of the scroll case. There is a hydraulic gate valve in this riser 
which can be operated from the power station floor. 

When the power station is in operation, energy is delivered to 
the New England Power Company’s lines at 13 800 volts through 
two circuits, each including 815 ft. of underground cable and 
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SECTION THROUGH GATE CHAMBERS AND Power STATION. 


600 ft. of overhead line. Energy is also furnished at 2 300 volts 
through a short length of underground cable and 23 miles of 
overhead line to the Clinton Sewerage Pumping Station, which 
is operated by the department. 

When the power station is not in operation the energy required 
by the department is taken from the New England Power Com- 
pany’s lines. 

On Monday, February 17, the machinery at the power station 
was started about 6.30 a.m. as usual, and had been running smooth- 
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ly with exciter No. 2 and units Nos. 1, 2, and 4 in operation for 
nearly an hour when the operator noticed that the oil-feed pump 
of turbiné No. 2 was not working properly, and with the helper 
proceeded to prime the pump with the turbine running. 


CiosE’ View or Unit No. 2. 


Upon throwing off the pump belt, however, some trouble de- 
veloped, and the operator went to the switchboard and threw 
the load off of the No. 2 unit. As he was returning, the helper 
pulled out the governor clutch to change from automatic to hand 
control, and immediately a section of the upper portion of the 
scroll case, having an area of 173 sq. ft., blew out. 
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SUPERINTENDENT'S OFFICE. 
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The escaping water knocked the helper down and swept him 
along the floor between No. 1 and No. 2 generators, by the front 
door, to a radiator near the westerly end of the station, where he 
was able to regain his footing and left the building through a 
window. The water was then level with the window sill and 
about two feet deep over the floor. 

Meantime the operator returned to the switchboard and opened 
all of the electric switches and left the building through the rear 
door. 

The two men then went up to the gate chamber and with the 
assistance of some other employees closed the sluice gates and 
stopped the flow of water about thirty-five minutes after the 
break occurred. 

The water flowed out of the opening in the scroll case under a 
head of 70 ft., probably in a nearly solid stream, which struck 
the door leading from the superintendent’s office to a small baleony 
in the power station, for it is difficult otherwise to account for 
the effect of the water, which upset a heavy iron safe about 7 ft. 
high by 4 ft. wide by 23 ft. deep, and completely wrecked every- 
thing else in the office. 

One of the large front windows was broken at a height of about 
25 ft. above the floor, and some of the water shot up about 35 ft. 
above the floor to the top of the room, broke an interior window, 
entered the loft, and dripped down through the ceiling into the 
civil engineers’ office, but eaused little damage. 

The water flooded: the power station floor to a depth of about 
4 ft., broke open the front and end doors and flowed out over the 
lawn, driveway, and walks into the river. It also broke down a 
wooden partition at the air shaft and flowed through the iron 
grating in the floor into the Wachusett Aqueduct. 

The heating plant is in the southeast corner of the basement, 
and there is an opening in the floor above it about 12 ft. long 
and 6 ft. wide. Water dropped through this opening on to the 
heater and tore off all of the magnesia insulation and put out the 
fire. Water also flowed down the stairs at two points into the 
basement and thence into the river through drain pipes, which 
appear to have been of sufficient capacity to prevent its filling the 
basement, as the transformers connected with the Clinton Sewer- 
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age Pumping Station line, which are located on a shelf under the 
power station floor, were not disturbed. 

The station lighting and power service transformers and many 
of the instrument transformers were located back of the switch- 
board near the floor, and the water rose above the top of the cases 
and displaced the oil, causing short circuits which grounded all 


Om Dryer AND FILTER. 


the lines and caused some minor burn-outs and breakage of 
insulators on the oil switches. 

Above the flood line everything was wet, apparently by spray 
from the main stream. The rotors of generators Nos. 1 and 4 
continued to revolve for a time, partly submerged iin the water, 
and the insulation of the field and armature coils was cut and 
scraped in places. The coils on generator No. 2 were also cut and 
scraped but no injury of this nature was found on No. 3 generator. 
Aside from this mechanical injury all of the damage to the electrical 
apparatus is due to moisture. 

As soon as the water had drained out of the building the heating 
plant, which was in working condition, was put into service aiad 
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the oil and water were mopped from the floor, walls, and apparatus. 

After operating No. 1 exciter generator without load for a time, 
to dry it out by windage, it was put into service to furnish lights, 
and generators Nos. 1, 3, and 4 were then put into shape and 
operated without load during the night, to dry them out by 
windage. 

On Tuesday, arrangements were made with the Standardizing 
and Testing Department of the Edison Electric Illuminating Com- 
pany of Boston for drying out and testing the electrical apparatus. 
The necessary equipment for this work was shipped from Boston 
by auto truck late in the afternoon, and the work was started the 
following morning. 

A connection was first made with the New England Power 
Company’s line by using portable transformers, oil switch, circuit 
breaker, and watt-hour meter from the Edison laboratory, so that 
alternating current would be available for drying and testing the 
electrical apparatus and for operating the Clinton Sewerage 
Pumping Station, as the old steam plant at the pumping station, 
which had been kept in reserve for emergency use, was not oper- 
ating satisfactorily. 

This work was completed Wednesday night, and meantime 
canvas had been obtained for covering two of the generators which 
were being dried out by operating them with the armatures short- 
circuited and a low field excitation, and for the construction of 
ovens which were heated by means of electricity and used for drying 
out transformers and other apparatus. 

Although openings were provided for drainage of the electric 
ducts, when they were built into the concrete floor, some of them 
had become clogged and there was standing water in some of the | 
ducts which made it necessary to disconnect and withdraw the 
wires in order to dry them out. After the water had been removed 
from the ducts with swabs, they were dried out by blowing warm 
air through them. The wires which had also been dried were 
then replaced and tested. 

On February 25, unit No. 3, which had then been dried out 
and satisfactorily tested, was put into service again. This unit 
was not in operation on the 17th when the accident occurred, and 
was uninjured except by moisture. 
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150 BREAK IN HYDRAULIC TURBINE. 


Arrangements having been made with the Lundin Electric and 
Machine Company of Boston, for repairing the commutator on 
exciter No. 2 and the insulation on the field and armature coils of 
the main generators, this work was begun on February 24 and 
was completed March 4. On the same day, unit No. 1, which had 
been dried out and satisfactorily tested, was put into service 
again, and three days later unit No. 4 was put into service. 
Generator No. 2, which could not be operated, was dried with 
air from the blower and by circulating current from unit No. 1 
through the coils while stationary. Satisfactory insulation tests 
were obtained on this generator on March 10, but it cannot be 
put into service until the work of repairing the No. 2 turbine, 
which will probably require at least two months, is completed. 
Special electrical equipment used in connection with the repair 
work includes an electrically operated oil pump and filter for 
removing water from transformer oil, an electrically operated 
blower and grids for supplying air for drying purposes, transform- 
ers, resistances, and instruments for high-potential testing. 


DISCUSSION. 


Mr. CarLeTON E. Davis. Are you prepared, Mr. Foss, to 
say what was the cause of the accident? 

Mr. Foss. All I know is that it apparently followed the pulling 
of the clutch which releases the wicket gates from the governor 
control and puts them under hand control. I am inclined to believe 
that in connection with that the gates closed suddenly, and caused 
sufficient water ram to break the casting. ; 

Mr. F. H. Hayes. How thick was the casting on the top? 

Mr. Foss. The casting varies from 48 in. in diameter down 
to about 24 in., and the ‘thickness decreases with the diameter. 
At about the center of the break the thickness was 3% of an inch. 

Mr. Hayes. Did it vary as it went through the bottom of 
the cylinders or the sides? Was it thicker on top than on the 
sides? 

Mr. Foss. The casting increases in thickness at the hub where 
there are guide vanes inside. There appeared to have been an 
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internal strain in the iron at one of the vanes where the thick 
section of metal was located. Aside from that the iron looked 
very good. I am having some test bars made, to determine the 
quality of the iron. 

Mr. Rosert 8. Weston. How far away were the pieces 
thrown? 

Mr. Foss. One piece was found between generators 1 and 2, 
about 10 or 15 ft. from the break; and a smaller piece was found 
out in front of the power station. Apparently the water had 
drifted them around so that they were not found where they 
landed. 

Mr. Hayes. Was thére any indication of erosion on the inside 
of the case? 

Mr. Foss. No, none whatever. The original paint is still 
in good condition. 

Mr. Ricuarp A. Hate. I should like to ask if there is any 
apprehension in case of the other turbine, in the case of a sudden 
closing, that a similar accident might happen, and whether any 
strengthening might be applied. 

Mr. Foss. Yes; we are considering that question. Apparently, 
No. 2 turbine was the same as the others. I might say, however, 
that from examination of all four, No. 2 appears to be the roughest 
casting, and perhaps the poorest one. But aside from that they 
are identical castings, I suppose. And the liability of breaking 
one of the others by a sudden closing of the gate exists. We are 
considering making some experiment to determine how many 
seconds it takes to close the gates with the present setting of the 
governors, and the possibility of putting a dash pot of some kind 
on the gate mechanism, so that even when it is thrown off from 
the governor it will take several seconds to close. 

Mr. Percy R. Sanpers. Is the water that operates these 
generators a part of the supply of the Metropolitan system or 
waste water? 

Mr. Foss. It is a part of the supply. 

Mr. (Reporter). I should like to ask what the total 
damage is estimated at. 

Mr. Foss. I think that our expenses to date do not exceed 
$4 000, and we have yet to repair the broken turbine, which will 
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be the largest single item of expense. If the apparatus stands 
up as we expect it will after giving it a thorough test, — I do not 
see why the expense should exceed $9 000 or $10 000 for everything. 


Note. Since the paper was presented charts from recording 
pressure gage installed on turbine No. 4 show a water ram of 
5 to 10 pounds in connection with operation under governor 
control and of 60 pounds when clutch is pulled with a wicket-gate 


opening of 63 per cent. 
The total damage will be less than $8 000. 
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ENGINES FOR SMALL WATER WORKS. 


BY HENRY A. SYMONDS, CIVIL ENGINEER, BOSTON, MASS. 
[Read December 12, 1918.] 


In the design of a plant for pumping the water for a small 
community, it is usually the case that per capita cost of operating 
and maintenance is greater than in the large city plants, and it 
is important that a careful study be made of the relative merits 
of the different forms of power available, their adaptability, first 
cost, and efficiency when operating to do the particular work 
desired. 

The educating of the general public to the importance of good 
water supplies has in recent years brought about a great effort 
by the citizens themselves, assisted by the health boards and others 
having to do with the prosperity and health of the communities, to 
introduce public water systems in the smaller towns. 

It is usually the case that strict economy must be practiced in 
the introduction of these works, and studies relative to first cost 
have usually been made to bring the cost of the work within the 
ability of the communities to pay. Not so much attention, how- 
ever, has been paid to the question of relative efficiency and daily 
cost of operation, and it frequently occurs that plants are in opera- 
tion which the citizens of the town, and even the water-works 
officials themselves, believe to be highly economical, that are the 
reverse. The difference in cost of operation may be so great as to 
make it good business to pay a much higher price for an economical 
unit. 

The early use of power for pumping water in the small-town 
installations was largely by water power or steam, and it is possible 
that water power is coming back into use for pumping purposes, 
but probably through the medium of the hydro-electric plants, 
as it is not common to find good water privileges so located as to 
be directly available for pumping from the approved sources of 
water supply. . 
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STEAM Pumps. 


The use of steam in small plants naturally followed its use in 
the larger places, and was-about the only kind of power available 
which could be utilized at any and all points. 

Steam has been used for many years very efficiently in many 
small plants, due to the development of the steam pump by expert 
engineers, and we have to-day numerous examples of small pump- 
ing plants of the Dean, Knowles, Blake, Worthington, and other 
types that have shown good reliability and wonderful endurance, 
having operated continuously for the entire service of the plant 
from twenty to thirty years with very little repairs, and are able 
at this time to continue for an indefinite period in the future. 

The common form of the earlier pumps was of the reciprocating 
plunger or piston type, in which the steam piston was upon the 
same stem as the water pistons, and this is still the most common 
form of steam application to pumping. 


STEAM TURBINES. 


The development of the centrifugal pump which has now found 
so wide a field was closely identified with the bringing out of the 
steam turbine. 

The centrifugal pump has been known for a great many years, 
but for a long time after it was invented the difficulty of getting 
suitable drive with sufficiently high speed retarded the develop- 
ment of successful operation of this type of pump. The real 
growth of this pump has occurred in the last ten years, during 
which time the use of the steam turbine and the electric motgr 
with direct connection to the centrifugal pump have brought up 
the efficiency of the pump to a relatively high stage. At the present 
time the use of the steam turbine as applied to pumping water is 
largely in the large units, and the motor is generally adopted for 
driving the smaller plants. 

The result of the use of steam is, on the whole, satisfactory, but 
for the small water plants is subject to the objections that the 
economical pumping machines with boilers are expensive and 
occupy much space, provision for large storage of coal and adequate 
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pumping-station buildings are required, all of which add to the 
first cost of the plant and are aggravated by the fact that licensed 
engineers are required to operate such a station. 


THe IDEAL ENGINE. 


To-day we consider the ideal small pumping engine that which 
is economical in first cost, is self contained, i.e., operates from a 
source of power which is part of the engine or at least located in the 
same station. It is desirable to have it occupy as small space as 
is practicable, be simple in operation and not require the services 
of licensed men, easily repaired, quickly started, using fuel which 
is readily available at all times, and be capable of producing power 
at a relatively low unit cost. 


Exvectric Moror. 


Many of the conditions of an ideal plant are met by the electric 
motor and the electrical installation has become more and more 
common. The advantages are: low first cost; requires little 
space; low cost of maintenance; no expert supervision; is es- 
pecially well adapted to drive centrifugal pumps with direct con- 
nection, which saves friction loss of gears, and prevents noise; 
may have automatic control; may operate during periods of low 
load at central station, thereby getting lower rates; instant start- 
ing; as it has no reciprocating parts, can be left to operate without 
attendance better than any other form of drive. The use of 
electricity has two serious defects in the average municipal plant; 
namely, it is not self-contained, but depends upon a line of wires 
and a power plant, usually at a distance, for its operation. For 
this reason neither one nor two units in a pumping station operated 
from the same plant is satisfactory to the insurance authorities,’ 
as they rightly claim that an accident to the wire line or the power 
plant will put both units out of use as quickly as one and leave the 
town or city in an unprotected condition in case of fire. 

There is no exact figure which can be given for the cost of oper- 
ating by electricity, as the cost of the electricity itself varies very 
greatly according to the conditions of its generation. The cost 
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may run to three cents per kilowatt-hour, in a plant where elec- 
tricity is generated by coal and where the plant is below the size 
which can be operated at the greatest efficiency or the cost of 
electricity may be a fraction of a cent -per kilowatt-hour, where it 
is generated by surplus water-power which may be running to 
waste over the dam for a period of the day or night. 

The advocates of the use of motors base their claims of low cost 
of operation from the fact that attendance may be a minimum 
and that this is really the large item in operating small water plants. 
The writer believes that this argument has considerable merit 
and that the improvement in efficiency brought about recently 
in the centrifugal pumps and the low cost of the pump and motor, 
with the advantages above referred to, makes this form of pumping 
plant a very close competitor and in some cases it will be found to 
actually be a better business proposition than the other types of 
pumps and engines in spite of the difference in efficiency. There 
are many places where electric motors are proper to install for 
municipal pumping, and the writer has recently overseen the 
installation of a plant where it is intended to be used as an emer- 
gency pumping unit during the renovating of the other pumps and 
in cases of breakdown or other emergencies. During the past 
summer it has done the entire pumping for the city. 

The following data may be of interest for comparison relative to 
operation of this unit during July and August, 1918. 

Actual test for months of July and August, 1918, of 100-h.p. 
Westinghouse motor driving Goulds two-stage centrifugal pump, 
rate 810 gal. per minute, against total head of 301 ft. (Extra 
charge is made for high price of coal.) 


Current cost per 1 000 gal............. 2 8/10c. 

August — Pumped.......................... 31 409 280 gal. 
608 
Current cost per 1000 gal............ 2 .8/10e. 
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If general expense, interest, and all proper costs of operating 
are considered, the cost per 1 000 gal. water pumped is 73 cents. 


GASOLINE ENGINE. 


Another form of drive which has been used in some of the small 
pumping plants is the gasoline engine, and this form of power has 
practically all the advantages above mentioned except cost of 
operation, and in this it falls down badly, as it is operated upon a 
fuel of such high cost as to make the operation per horse-power 
hour too high for practical purposes in the ordinary municipal 
water works. 

In plants, however, where an emergency unit is wanted and 
electricity is not available nor desirable for any reason, the gasoline 
engine may meet the requirements in a satisfactory manner. 
During the last season the writer had under his supervision the 
installation of a pumping plant for the Bumkin Island Naval 
Training Station. This was entirely for fire protection, and salt 
water only was to be pumped. Cost per horse-power hour was not 
a consideration for a plant of this kind, which was to be operated 
only in case of fire and for limbering-up purposes a few minutes a 
week. This unit consisted of a centrifugal pump driven by a direct 
connected Van Blerck vertical gasoline engine having a speed of 
approximately 1 500 r.p.m: The operation of this plant has been a 
success, and meets the needs of this particular case perfectly. 
It would be, however, entirely unsuited for a municipal pumping 
plant operating a number of hours per day continuously, as the 
fuel cost would be excessive, probably four or five times that of 
an economical unit. 


Propwuces Gas. 


The gas producer as a source of power corresponds to the boiler 
in a steam plant, and has a great many advantages, and when 
combined with a proper engine for utilizing the gas to the best 
advantage may be considered as having most of the requirements 
of the ideal plant. This form of power has been used for some time, 
and, so far as the writer has record, with good satisfaction in all 
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cases. Gas produced in this way may be used in various types of 
internal-combustion engines with slight modification. A plant of 
this kind can be installed at reasonable first cost, is self-contained 


Gas Propucer (GALUSHA). 


in so far as the power is generated directly next to the engine itself 
and operates at a remarkably low cost upon a relatively inexpensive 
form of coal. The plant takes up more room than some of the 
other types, and calls for a larger pumping-station space. One 
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of the latest developments of the gas producer is known as the 
“‘ Galusha,” and while the writer does not wish to appear as an 
advocate of any particular make of machinery, some of the ideas 
developed in this producer are of interest relative to small water 
plants. One of the advantages of this particular style of producer 
is that it requires but one tank and is very simple in its operation. 
It has been used to a certain extent for pumping purposes. The 
period between recharging is three hours. The coal consumption 
guaranteed is 1 lb. of coal per h.p.-hour. The coal used is usually 
of the less expensive grades, such as pea, buckwheat, etc., so that 
the operating cost is usually less than $.005 per h.p.-hour. These 
producers are.made in size from 18 to 350 h.p. 

The efficiency of the Galusha gas producer runs from 62 per 
cent on very light load, to 86 per cent on very heavy load, and the 
producer will carry an overload of 25 per cent for three continuous 
hours. 

The writer is indebted to Mr. George Hess, of the Nelson Blower 
and Furnace Company, for following report of test of Smith 
producer gas engine, and triplex power pump installed for the 
Lehigh Water Company, Easton, Pa. 


Coal used, No. 1 Alden buckwheat. 

Duration, 144 hrs. 

Head, 208 ft. 

Average speed, 46.8 r.p.m., or 3 629 g.p.m. 

Speed of engine, 233.9 r.p.m. 

Average temperature of starter, 75.2 degrees Fahr. 
Efficiency of pump, 88 per cent. 

Break h.p. of engine, 296.03. 

Total weight of coal fed to producer, 36.152 lb. 

Lbs. coal per break h.p.-hour, 93.32. 

Lbs. coal per one million gallons water pumped, 1 381.2. 
Calorific value of coal fired in B.t.u’s per pound, 12 580. 
B.t.u. per break h.p.-hour, 9 392. 


The size of engine is above that properly considered in this 
paper, but may be of interest. 

Gas producers are used in two smaller plants in the pumping 
station at Manchester, Mass. The first consists of two 65-h.p gas — 
engines direct connected to two Goulds vertical triplex pumps, 
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each unit having capacity of 700 g.p.m., operating against a head 
of 280 ft. The second consists of two 50-h.p. engines direct con- 
nected to two Goulds double-acting triplex pumps, having capacity 
of 530 g.p.m. each against a head of 280 ft. 

These units show an efficiency of 150 million foot-pounds per 
100 Ib. of fuel in daily operation. 

The writer would suggest that this form of power be looked 
into by those contemplating the installation of small municipal 
plants. 


Fuet-O1t ENGINES. 


In the writer’s experience, in nine cases out of ten, fuel-oil engines 
have proven an ideal installation for plants from 25 to 150 h.p., 
and for this reason it may be proper to give some extra details 
regarding this engine. 

The term “fuel oil” is here used to mean any oil from the 
heavier crude petroleum up to kerosene. The fuel-oil engine as 
well as the gas and other forms of explosive engines have been the 
result of a long series of experiments and developments from the 
stage where gun powder was exploded in a cylinder to produce 
power to pump water, up to the present stage where it has met the 
greatest test of the ages in its use in naval vessels and submarines. 

The perfection of this engine has brought the use of the sub- 
marine from a cruising radius of 500 miles up to that of 5 000. 

Oil engines are now built up to 4 000 h.p. 

The writer has at hand a brief history of the development of 
this engine which may be of some interest. 

In 1860 the first step was made when Lenoir, a French engineer, 
succeeded in converting a steam engine into a gas engine and was 
able to develop some small engines of this type from one half to 
10 h.p. These were of course of very low efficiency, but the 
principle ef the internal-combustion engine had been given a 
positive start. A little later, another Frenchman, Beau de Rochas, 
improved the gas engine and brought into use the idea of com- 
pression, but was, however, unable to carry on to perfection his 
ideas, and N. A. Otto, a German, using the idea, developed the 
‘silent motor?’ in 1877. The so-called “ Otto cycle ” contained 
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most of the main principles involved in the later development of 
internal-combustion engines. 

In 1883 Stuart Akroyd, a Scotchman, utilized the Otto principle 
in an engine using petroleum oil. He was followed by Richard 
Hornsby, an Englishman, who perfected the engine and manu- 
factured upon a large scale. 

In 1892, Randolph Diesel conceived the idea of an engine run- 
ning under high compression and able to use as fuel the heaviest 
crude petroleum or tar oils. 

Fuel-oil engines are to-day known under two general heads as 
Diesel and Semi-Diesel, or surface ignition. 

The idea conceived by Diesel is the bringing into compression 
a mixture of air and oil vapor to a point where heat is generated 
sufficient to ignite the combination. The compression reached 
varies from 500 to 1 100 lb. per square inch, but when the proper 
temperature occurs the gases burn rather than explode, and it is 
the claim of the producers of the Diesel type that this slower 
burning conserves the power of the gases and the energy realized. 
is utilized almost entirely in pushing the piston through the length 
of its stroke. In order to permit of the great pressure produced 
by this process, the machine must be exceedingly heavy and the 
great amount of work which is required to perfect the Diesel engine 
makes them too expensive for the ordinary requirements of small 
water-supply plants. 

The Semi-Diesel, or surface-ignition engine, on the other hand, 
gets its power by the explosion of a mixture of air and oil gas in 
the cylinder under the compression of around 200 to 300 Ib. per 
square inch. While part of the energy is undoubtedly used in the 
shock against the metal of the plunger and cylinder, the resulting 
thrust produces motion of the piston, which is connected through 
the crosshead, or directly to a crank shaft which gives the motion 
to the driving pulley or gear. 

The Semi-Diesel seems to meet all the ordinary requirements of 
the ideal engine described above, and while the first cost of this 
engine is considerably greater than that of the gasoline engine or 
the electric motor, the operating costs are so low that they out- 
weigh in most cases the advantages of low first cost of the other 
machines. 


; 


A 
4 
: 
| 
| 
s 
} 
i 


SYMONDS. 163 


For many years we have heard arguments by the advocates of 
the two- and four-cycle engine tending to prove that one or the 
other of these types was much superior and more economical in its 
operation than the other. In view of the claims and counter 
claims, the writer has felt somewhat disturbed that he has not 
been able after considerable investigation to determine positively 
which is the decidedly better machine, after having used first one 
machine and then another in all kinds of water-works installations, 
first that one was superior, then that the other showed more merit, 
and he must confess at this time that he does not know which is 
actually the more economical machine to operate. ' 

The following table, while not a true comparison, as the two sets 
of machines are of different sizes, and operate under very different 
conditions, yet the quantities here may be of some value in showing 
actual costs of operating under normal conditions. 

Actual unit costs of operating two-cycle and four-cycle engines, 
June 30, 1917, to June 30, 1918: 


r 
ater. 


Total Head. 

Gal. Oil 

Gal. Oil per 
H.P.-Hr. 


1000 Gal. 


2cycle . 12 $0.084/$0.0101 
4-cycle . .091, .0098 


The data in this table are taken from the logs of the pumping 
stations and are subject to more or less inaccuracies, but are 
probably very close to the true amounts, and in so far as this one 
comparison goes there is a striking similarity in the cost of opera- 
tion. If the same price of oil is used in both cases the difference ~ 
will be more in favor of the larger four-cycle engine, but on the 
other hand the larger machine has a slight advantage because of 
size. 

To describe the action of the two-cycle engine briefly: 
After the explosion stroke is completed, the exhaust port is un- 
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covered by the return of the piston, and the ejection of the burnt 
gases takes place in connection with the injection of the new gases. 

The four-cycle engine accomplishes the same purpose as the 
two-cycle, but does it in four strokes of the piston instead of two. 
There are several installations in New England where both the 
two- and four-cycle engines are used together, but the writer is not 
able to learn from the operators of these plants that an appreciable 
variation in the merits of one over the other is apparent. 

The ignition is brought about in the Semi-Diesel engine by a 
hot cylinder head or tube which is first heated to the proper temper- 
ature by a blow torch and is afterwards kept at a red heat by the 
explosions. 

It has been the common practice to inject water into the cylinder 
for the purpose of promoting proper combustion. This feature 
has been eliminated in the newer types of the Fairbanks-Morse 
engines, which are now manufactured upon what is designated as 
the dry type. It is claimed by the manufacturers that the effect 
of the water injection was to form oxide of iron in the cylinders, 
which rapidly wore out the cylinders and plungers. 

It will be interesting to note the action of the dry type relative 
to this feature. 

In the types which are considered as small pumping outfits, 
designed to pump the water for communities of from 1 000 to 10 000 
inhabitants, the engines required ranged from 25 to 150 h.p., 
but in the writer’s opinion there is a large field for a still larger oil 
engine, and there are some machines now being produced that show 
wonderful efficiency in operation. They are of the Semi-Diesel 
type but are able to operate on the poorest grade of fuel oil and 
even tar products which have to be heated before it is possible 
to get them into the cylinders. The oil used runs as low as eighteen 
degrees Beaumé, while in the smaller machines, that is, below 
60 h.p., the writer knows of good results with oil heavier than 
twenty-six degrees Beaumé, and with 25-to 35-h.p. engines kerosene 
or light oils of that grade have seemed to give the most satisfactory 


results. 
Pre-war prices ranged from 2 cents to 7 cents for the various 


grades. 
The ordinary time of starting with fuel oil is from twelve to 
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eighteen minutes, but engines of this type may be equipped with 
apparatus which permits of instant starting by electric ignition 
and gasoline, turning on the fuel oil after a few minutes, without 
interruption of the operation of the engine. This latter contriv- 
ance is of especial value where but little storage of water is possible 
and pumps have to be operated in case of fire, as the delay in heat- 
ing the cylinder head may be serious if the supply of water is not 
available. 

It is claimed by the advocates of the electric motor in compari- 
son, that the motor requires little attendance, while the oil engine 
calls for constant supervision. This claim is not entirely sub- 
stantiated in practice, for many of the oil plants are operating 
for long periods of time without attendance. With a suitable 
system of lubrication and proper safeguards, there is undoubtedly 
a great saving in most cases by permitting the plants to operate 
without attendance. It is true that breaks will occur and lubri- 
cation will fail at times, but the resulting damage is insignificant 
compared with the cost of wages for constant attendance. 

This of course assumes that there are duplicate units which will 
take care of any fire hazard if repairs are necessary. It should 
also be considered that constant attendance does not eliminate 
many of the breakdowns. : 

Perhaps the most satisfactory combination that can be installed 
for a small pumping plant for general municipal needs is made up 
of two duplicate units of which it is probable that the fuel-oil 
engine meets the needs fully as well as any other drive which has 
been developed up to this time. 

A convenient arrangement, which the writer has found very 
effective, is to place two vertical Triplex pumps geared to two 
pinions running upon the same jackshaft, the jackshaft being in 
the line of the main shaft of the fuel-oil engines which are placed at 
each end of the pumps. The connection between the engine shaft 
and jackshaft is made by clutches which permit either engine to 
operate either pump. This establishes a system which can meet 
most any condition that is liable to occur in the way of break- 
downs without interrupting the service. 

Another combination which is satisfactory and meets the re- 
quirements of the insurance authorities with a little saving in first 
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cost is where one or two pumps are driven by a fuel-oil engine and 
an electric motor so arranged as to be thrown into operation alter- 
nately as desired. The low cost of the motor saves something on 
the first installation and the daily operation can be taken care of 
largely with the engine while the motor is used for the emergency 


unit. 


Pumpinc PLant, Mepway, Mass., WaTerR Works. 
(Meitz & Weiss Oil Engines.) 


One advantage which is of considerable importance in some 
cases that steam machines have over most of the other types is in 
the varying of speed in operation. The speed in the electric motor 
and of the internal-combustion engines is variable only to a small 
extent except by change gears or belt pulleys, and it is sometimes 
necessary to pump to waste or through a bypass back into the 
suction, an uneconomical process, in order to keep the rate of de- 
livery as desired. 

It is possible that one of the triumphs of the future engineer is 
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the invention of an internal-combustion engine which will have 
the same flexibility as to speed of operation as the steam engine. 

The writer had occasion, a short time ago, to make a compari- 
son of different types of pumping plants to determine which plant 
would best meet the needs of a community. In connection with 
this, the results of investigation of different units were tabulated 
and are here given. 

The figures in this table are not, of course, to be considered as 
exact costs, either of operation or first cost, but are the results 
-obtained by using quotations and guaranteed efficiencies by the 
manufacturers of the different lines of machinery. The estimates 
are subject to all kinds of variation but are intended to give a 
fair average ample cost of machines suitable to the particular 
work to be done. 

These figures were also taken before the extreme rise of prices 
which has occurred since we entered the war, and while they are 
far above the averages of five years ago it is probable that they 
are nearer what we may expect in the next few years than pre-war 
prices. In general, the figures given are intended as a comparison, 
and the writer believes give a general idea of the comparative 
costs. 

The question of size of the pumping engine is really a problem 
of the capacity of the pump except to provide sufficient margin of 
power to drive the pump under all conditions of loads which may 
be brought upon it. -It is usually the case that the rating given 
for motors and engines by the various manufacturers contains 
sufficient margin of safety to be able to meet all demands, even if 
the load slightly exceeds that which was originally estimated. 
The proper size of plant is a matter which has been reviewed 
frequently, but there seems to have been some variation of opinion 
as to the most satisfactory capacities for various small plants. 
In the writer’s experience, he has found danger of underestimating 
the convenient size and has had the most satisfactory results where 
the plant has been designed to pump the estimated daily consump- 
tion at the start in about six to seven hours, as the inevitable 
growth of the plant and increase in consumption will lengthen the 
time of operation. This gives a margin to provide for the period 
of pumping which might otherwise require more than one shift. 
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No fixed rule can be made, however, which will meet all cases as 
the rate of growth is widely different. 

No study of power engineering can be made without awakening 
the greatest admiration for the wonderful work which has been 
done, first in the attempt to find some way of producing motion 
through machinery, and, in the gradual evolution of power pro- 
duction through the development of the steam engines, the internal- 
combustion engines, and the electric motor. The progress has been 
wonderfully rapid, and seems to be accelerated as time goes on in 
discovering and putting into operation new methods of getting 
greater power and greater efficiency. The discoveries of the last 
few years as to the great volume of oil to be extracted from the 
rocks of vast ranges of mountains in Wyoming and adjoining 
states give us more courage to continue development of the oil 
engine, as it is probable that fuel for its operation can be found in 
sufficient amounts to take care of the world’s consumption, al- 
though rapidly increasing, far into the future. 


DIScussION. 


PRESIDENT Davis. This is an exceedingly interesting and in- 
structive paper. I want. to ask Mr. Symonds one question. 
I notice one of the evident advantages of an internal-combustion 
engine is the fact that a licensed engineer is not necessary to run 
it. I wondered whether it took, in general, a higher grade of man 
than is necessary in a steam-operated pump. And, Mr. Sy- 
monds, what your experience has been in the way of repairs and 
maintenance, — whether repairs have been easily and economi- 
eally made after an accident, or whether you have had the ex- 
perience that some of us have had when our automobiles got into 
trouble. 

Mr. Symonps. As regards the class of men that operate 
engines, we employ men who have good general mechanical 
ability, not licensed men. In small water-works plants it is often 
desirable to have an operating engineer who is also a good busi- 
ness man and can look after the general business of the depart- 
ment or company and frequently one man is able to do all the 
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local work. It is of advantage not to ‘require licensed men, 
because some of the men employed in this work are excellent 
business men and have fair mechanical ability but would not be 
able to secure licenses for operating steam plants, although 
entirely capable of operating internal-combustion engines. 

As regards the question of repairs, my experience has been that 
in general the fuel-oil engines have stood up without a serious 
amount of repair. There are more parts in an oil than in a steam 
engine, and consequently more complications, but in most plants 
the repair costs have been very low. _ 

PRESIDENT Davis. Has there ever been any trouble in getting 
it done, or finding anybody who could do it? 

Mr. Symonps. We have not had any trouble of that kind. 
I have occasionally had emergency calls, to get repair men in- 
stantly because of some peculiar action of the engine, but they 
never have materialized as serious troubles. Usually, as in the 
case of the automobile engine, some insignificant feature was the 
cause of the whole trouble, which, when discovered, was very 
readily corrected. 

ie Mr. Frank L. Fuuuer.* I should like to ask Mr. Symonds if 

. he has any record of the cost per horse-power hour for the differ- 
ent fuels which he has spoken of with engines of this moderate 
size. For instance, electric current, fuel oil, and steam. How 
they would compare. 

Mr. Symonps. I think the table presented, which estimated 
the yearly costs, furnishes such a comparison. There are an 
infinite number of conditions, and unless you take one set of 
conditions and figure it out, taking identically the same basis, 
you do not get a perfect comparison. For the small machines, 
purely on the basis of fuel costs, the producer-gas engine operates 
at about the lowest cost of any type which has come to my atten- 
tion. Wherever we have made comparisons the cost per horse- 
power hour for producer-gas engines has been very low. 

Mr. Fuuuier. Well, from your knowledge, experience, and 
records, probably such a table as I speak of could be figured out. 
That is, from your records of a year’s running the cost per 
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horse-power hour for any particular plant could be figured out 
fairly accurately, or perhaps very accurately. 

Mr. Symonps. Yes. Such a comparison, while only approxi- 
mate, is made in the paper presented. 

Mr. CrEED Futton.* What did you have as the fuel cost per 
horse-power hour in the table that you used? 

Mr. SamvueEt A. AGNEw.t I understood that that table showed 
the cost to be about .459, meaning almost a half cent per horse- 
power hour, as I recollect those figures. That is what they 
generally figure. 

Mr. Symonps. Yes, the table gives as a comparison about a 
half cent — .4 — per horse-power hour for fuel-oil drive; about 
twice as great for the steam turbine, and about three times as 
great for the electric motor in that particular case. 

Mr. Futter. I think, as I remember it, our pumping plant at 
Wellesley showed a price, five or six years ago, — before the price 
of coal increased as it has, — of about a half a cent per horse- 
power hour. Of course it would be more now. 

Mr. G. Howarp Hayss.{ Perhaps I can add one or two figures 
to those of Mr. Symonds. We have a plant which was installed 
about four years ago which compares very closely as to pumping 
conditions with the centrifugal pump of which Mr. Symonds 
spoke. This is a 1 000-gal. Triplex pump driven by chain from a 
100-h.p. electric motor. The average head is about 106 Ib. 
Fairly close records have been kept of this pump. Just about a 
year after it was officially tested it was tested again to see how it 
was maintaining its efficiency. The official test showed an effi- 
ciency of slightly over 77 per cent. That is, taking the water 
pumped into the standpipe against a head of from 102 lb. to 112 
lb., and the electricity consumed as shown by the meter. 

The second test showed practically the same, that is, 77 per 
cent., or a little more. I have some of these figures here. The 
average head was 106 lb. The pump ran 8 840 revolutions, and 
in doing so pumped 216 796 gal. and used 220 kilowatt-hours of 
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electricity. That place is obtaining its electricity at a very small 
rate. It is only 1.8 cents per kilowatt-hour at night. That gives 
a cost per thousand gallons pumped of only 1.15 cents, which 
compares with the centrifugal unit which Mr. Symonds mentioned 
of 2.8 cents. 

A test was also conducted a year after that, the third year, 
which showed practically the same results. I hope we shall be 
able to have another test this year to show how it still holds up; 
but as a general thing I think I can say that the Triplex pump will 
always justify its additional cost over the centrifugal where 
economy of operation is the primary item. Do not understand 
me to say that a centrifugal pump is not a proper pump under 
some circumstances — it is, but especially where large volumes of 
water and low heads are encountered. Very seldom will the 
centrifugal pump be the best pump to use on water works, es- 
pecially on variable heads as pumping into standpipes. I am not 
speaking from a prejudiced point of view in favor of the Triplex: 
we are interested in both — have both of them — and the Triplex 
pump will justify its extra cost. Also, if we turn to the oil engine 
we generally find the oil engine will justify its cost over the motor. 

In the case of the oil engine we can generally assume that the 
oil engine will show a duty per gallon of fuel used — that is, 
actually burned in the engine — of from 14 000 000 to 15 000 000. 
Sometimes it will run a little less and sometimes it will run more. 
I know of one case where the average duty per gallon is 18 000 000, 
and that in a place which would compare very favorably with 
the small plant Mr. Symonds mentioned. 

Possibly the people in this place are especially favored with 
their operator, because I really think he knows more about the 
engine than the people who built it. It is an exceptional case so 
far as the man who runs it is concerned. But on the basis of 14 
million or 15 million duty for fuel oil I think you will find that the 
average cost of operation of an oil engine is about one-third of 
the average cost of electric operation of the same pump with 
what is ordinarily called upon to be paid for eiectricity. 

Mr. F. H. Hayes.* Mr. President, if I may be permitted, I 
should like to answer Mr. Fuller. Mr. Fuller’s question was in 
* F. H. Hayes Machinery Co. 
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regard to the cost per horse-power hour. If you can buy oil for 
eight cents a gallon, it means a cent per horse-power hour; if you 
can bu’ it for four cents it is one-half cent per horse-power hour; 
if you buy it for twelve cents it is one and one-half cents per horse- 
power hour. You can use oil at 6 cents per gallon. To meet it 
in electricity you have to buy it for less than one-half cent per 
kilowatt hour. Those are things that we are in a position to 
prove, as we have had to prove them in the past. 

I am very glad that Mr. Symonds has brought up this subject 
that he has. I have been trying it for twenty-five years. Some 
of the gentlemen who are here are using machines that were put 
up many years ago. There was one installed in Cohasset, prob- 
ably the first one that was ever applied to a pumping engine. 
That was a Hornsby-Akroyd engine. It is now in operation, but 
it is a good deal like the old lady’s stocking. There are a good 
many parts of it that have been renewed but the fly-wheels are 
there and running to-day. That particular one I think runs 
more in the twenty-four hours and in the year round than some 
of the others, for the reason that when they start it up they 
never stop it unless it stops itself. An oil engine is wiser than 
aman; it will stop if it is overloaded, and a man won’t. There 
have been so many different kinds of this combustion engine 
brought before the public that it has been necessary to study it. 
The first was the Otto. It uses gasoline beautifully. There are 
a lot of them that will use gasoline beautifully. Then they went 
from that to kerosene. Then they go from that to a cheaper 
fuel. There are engines that have been built for using a cheaper 
oil. There are engines that are sold for the cheaper oil that work 
better on kerosene oil and on gasoline. I imagine that some of 
the gentlemen who are here know that I am telling that which 
is so. The condition surrounding the fuel oil is that there are 
more B.t.u’s in it. If you go from that to kerosene oil, that which 
is called “ solar ” oil, there are some of the heat units taken from 
it. When you go from solar oil to kerosene you lose some of the 
B.t.u’s, and when you go from kerosene to gasoline you lose some 
of the B.t.u’s. And also in the gasoline, the evaporation of the 
gasoline itself does not produce power but it does cost you money 
and is a charge against the plant. 
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In regard to the use of an engine without care — that is, care 
all the time — it may be answered in this way. There are three 
engines in a particular place, and there is a standpipe up on a 
hill. The gentleman goes there at night and sees what his pres- 
sure is, judges how long it will have to run to fill it up, fills his 
fuel tank with oil, and when that oil is run out the tank is full and 
the engine stops. That same engine I have known to run four 
weeks without a stop. So that the record of the oil engine used 
in connection with the small pumping plant is worthy of the con- 
sideration of you all. 

Mr. BERTRAM BREWER.* We have no bias toward any particu- 
lar type of pumping plant, but there are certain advantages in 
electric pump operation, especially in a small plant, which cannot 
be gainsaid. 

Of course the cost of power is high, especially in comparison 
with an oil engine, but past experience indicates that electric power 
is more likely to decrease than increase in cost in normal times. 
The electric plant can be operated absolutely automatically with 
a minimum of risk to the machinery, and the depreciation of a 
well-made motor is not a big item. Where frequent starting and 
stopping are necessary, automatic control, by cutting out practically 
all labor expense, puts the motor in a class by itself. A stand-by 
unit, preferably of the oil-engine type, furnishes a reliable alter- 
native power in case of a breakdown, and makes the second factor 
in a remarkably good combination when the odor and noise are 
not objectionable. 

Attention is called to the fact that the towns of Ashland and 
Amesbury have recently substituted electricity where an oil 
engine had been used. The authorities at Ashland concluded 
that they could more readily secure the greater flexibility which 
they desired from the motor. Longer life and more years of 
service are expected. This reminds us that in certain cases flexi- 
bility outweighs every other consideration, as it is often necessary 
in some plants to secure every last gallon of potable water in time 
of drought. As there is every prosvect, therefore, of more and 
more automatic pumping and in larger and still larger units, and 
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since the saving of labor is so vital a matter, the following notes 
bearing especially on the details of automatic pumping by elec- 
tricity may be of use to some one who has such a plant to design. 

Many small electric pumping plants are operated more or less 
automatically to-day, whereas ten years ago when the writer 
designed and built one they were almost unknown, at least in 
municipal practice. In this particular case, which was a sewage- 
receiving well in an outlying district, frequent starting and stop- 
ping were necessary and cleanliness and quiet were indispensable. 
A noisy, bad-smelling exhaust was prohibitive. 

The important features to be considered in automatic pumping 
with electricity may be summarized under the following five heads: 

Ist. Proper automatic acceleration of the motor to its full 
load. 

2d. Protection of the motor against a sudden dangerous 
diminution of power. 

3d. Protection against overload. 

4th. Precautions respecting temperature changes and humidity. 

5th. Provision for keeping the pumps and their connections 
free from air pockets. 

Just a word of explanation concerning each of these five points: 

1. Effictent Automatic Starters. Starters that reliably provide 
for automatic acceleration of those motors large enough to require 
starting torques less than full load torques have been on the market 
for some time and are satisfactory. This feature may be said to 
be well in hand. 

2. Protection against Fall in Voltage. In one plant which has 
been operated for ten years and was installed without automatic 
protection against fall in voltage, a failure or rather loss in current 
has twice caused the motor to burn out. While the motor did not 
receive enough current to revolve and ventilate it, it did receive 
enough to heat it up sufficiently to melt the windings. Each time, 
however, the power company acknowledged the fault and paid for 
the repairs, as it was due to grounding of wires in a storm in one 
case and careless handling by the power company’s men in the 
other. In recent years sudden fall in voltage has also been met 
by appropriate devices that shunt off the current automatically. 

3. Overload Protection. Of course fuses have always been used 
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to guard against overload, but they have not always proved 
sufficiently flexible. We understand, however, that the latest type 
of starters are supplied with a self-contained and more satisfactory 
overload protection. ’ 

4. Precautions against Meteorological Conditions. The question 
of heating the building containing the plant has always been an 
important one. Starters can be obtained to control the pumping 
from an open well that work in all kinds of weather. Care must 
be taken, however, to place pumps and water-filled pipes well 
below frost line. Arrangement of the wires that control the float 
and starter must be such as to allow for their possible contraction 
or expansion. Care must also be taken to prevent the twisting 
of these wires in cold weather. Furthermore, a kind of oil that will 
not congeal at low temperature must be used. 

Plants in a closed pressure system must be continually main- 
tained above the freezing point by artificial heat. Considerations 
of humidity point always to a distinct physical isolation of that 
part of the plant that controls and furnishes the power, as the 
best design, though it has not always been found necessary. 

5. Air. The fifth and last difficulty, — that of air in the water 
line, — unless carefully guarded against, will upset all plans for 
remote control. 

Finally we present a list of some of the municipalities near 
Boston where there are pumping plants operated by electricity. 
Some of them are more or less automatically controlled: 


Water-Works Systems. Sewer Systems. 
Weston. Newton. 
Ashland. Waltham. 
Lawrence. Clinton. 
Newton. Worcester. 
Lynn. Boston. 
Norwood. Hudson. 
Fall River. Milford. 
Wellesley. Andover. 

Maynard. 
Norwood. 


Mr. Futter. There is a little plant at West Groton, Mass., 
where there is a motor-driven pump which is started automatically 
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by an arrangement whereby a clock turns the current on and off, 
so that by an adjustment the pump is started, we will say, at 
seven o’clock in the morning, and shut off according to the de- 
mand for the water. I understand this has always worked very 
well. 

PRESIDENT Davis. I want to ask Mr. Hayes whether the oil 
engine has been used to any extent as auxiliaries at big stations. 

Mr. F. H. Hayes. I do not know of any around here, but 
there is no reason why it should not. Any of the steam-driven 
units in the pumping stations which will operate any of the verti- 
cal Triplex pumps will take 40 Ib. of steam per horse-power hour, 
and that runs up on the coal bill pretty well. Now, you take an 
engine that will run that same auxiliary. It will produce its 
horse-power per pint of oil per horse-power hour. That is on the 
smaller ones. When you use the larger ones you get down to 
.75 of a pint per horse-power hour. Does that answer your 
question? 

PRESIDENT Davis. Yes. 

Mr. F. H. Hayes. I might answer the other question which 
you asked Mr. Symonds, in regard to reliability. That particu- 
lar engine that he showed us on the slide — it is a fact that that 
particular engine, of 80 horse-power, ran for one year and was 
not stopped but twenty minutes. So that the repair part of it 
was not much. 

Mr. A. O. Doane.* When making plans for the smaller stations 
for the Metropolitan supply we investigated all of the types of 
pumps which have been mentioned here this afternoon. Some of 
the things which we went into may be of some interest. One of 
the points that’ I have not heard mentioned here in connection 
with the oil engines, gas engines, and producer-gas engines, is 
their applicability to stations which are situated in residential 
neighborhoods. We have some small stations situated in such 
localities, with particular neighbors, and they are pretty fussy 
about what goes on in connection with the smells and noises, 
particularly in the night. And our investigation of producer-gas 
and oil engines showed that it was very difficult, if not impossible, 
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to so reduce the noise from the exhaust by a muffler, that it would 
not be objectionable to near neighbors. 

There is another objectionable feature in producer-gas plants, 
and that is a strong smell of gas apparent at all of the plants, 
even in spite of steps which have been taken to prevent it. It 
seems to me it must be very disagreeable and injurious to the 
help, and in the summer time the neighbors might smell consider- 
ably more gas than they wanted to. 

We have in one district a plant of less than three million capacity, 
and when we took the matter of electric operation up with the 
Edison Company they were unable to show us any economy over 
the steam operation, even when compared with a small direct- 
acting pump, which we all know is rather wasteful in the use of 
steam, unless the attendance could be cut right down to the 
bone, — in fact, almost to automatic operation. As our stations 
are the main reliance for fire protection and some of our stand- 
pipes and reservoirs are located where it would make considerable 
trouble and cause damage if they overflowed, we did not feel 
justified in taking the risk of automatic operation. 

There is also a danger in electrical operation, even if you have 
duplicate units, that something may happen to the overhead 
transmission lines or to the generating plant. I know of a case 
not far from Boston where an electric pump operated a drainage 
system by pumping out a sump too low to drain by gravity to 
the sewer. One day a very heavy storm came, and a flash of 

lightning struck the power station, knocking out that particular 
section that fed this place. The consequence was that the pumps 
stopped, the drains overflowed, and water got into the basements 
causing several thousand dollars’ worth of damage to goods. 

Undoubtedly the electric motor for small plants, where the 
responsibility is not too great, is almost the ideal thing. We 
have one pumping sewage to filter beds which is semi-automatic. 
It is started by an attendant at the filter beds on his way to work, 
and when the sewage is pumped down in the collecting well the 
pump automatically stops. In this particular case entire auto- 
matic operation was neither necessary nor desirable, for it was 
better to put the sewage on to the beds when the attendant could 
be there to see that it was properly distributed. 
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In regard to the question that was just brought up about 
auxiliaries in steam plants. In the case of most water-works 
plants, condensing-steam machinery is employed and in the 
steam-pumping station, especially if auxiliaries directly connected 
to the main pumps are used, it is generally pretty hard to get 
enough waste steam or exhaust steam of high temperature to heat 
the boiler-feed water, which condition would be aggravated by 
using oil engines, which would not furnish any ‘ource of heat 
except possibly a little from the cooling water. 

Mr. F. H. Hayes. May I answer Mr. Doane in regard to the 
heating of the building by an oil engine? It is possible and it is 
done. I have also in mind another place where in the installation 
of a small water-works plant in Maine they put in a steam pump 
with a boiler. They put in a boiler and an oil engine. The con- 
ditions surrounding were such that they could not get wood to 
fire the boiler, and they put up electric wires through the woods 
with the result that the wind came and blew down the wires, so 
they started up the oil engine and it has been running ever since. 

Mr. Reeves J. Newsom.* I have had some experience in com- 
parison of oil engines with motor-driven units, and in two cases 
in particular the motor-driven unit was the more desirable. These 
plants were for the city of Lynn, and while they are considerably 
larger than those described in Mr. Symonds’ paper, the one 
being 15 million gallons a day and the other 20 million, there are 
two considerations which entered into these problems independent 
of the size of the unit. Both of these plants — one is in operation 
and the other is only proposed — are for use of the supply into 
the system. That is, the pumping of water from the rivers into 
- the reservoir. And in both cases the pumping takes place in 
about three months in the year. And under those circumstances 
the fact that the oil-engine installation is considerably larger 
in its first cost made the motor-driven unit more desirable even 
had it operated at considerably higher cost. The operation, of 
course, only went on for three months, and the interest charges 
on the first investment went on for the twelve months. Then 
both of these plants were more or less isolated, being out on the 
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reservoir system, and it was desirable, if possible, to have units 
which we could operate with a very low class of attendants. We 
have operated the one plant and will the other with men who 
are only watchmen, patrolmen on the reservoir. I do not think 
that it would be advisable to intrust the operation of an oil engine 
to this type of attendant. 

PrEsIDENT Davis. Do you have to pay stand-by charges on 
your electric current? You said you operated for three months 
in the year; do you have to pay stand-by charges for the remain- 
ing nine? 

Mr. Newsom. No; we have a minimum charge on the one 
station that is in operation of $1 000 a year, but it only requires 
fifteen days’ pumping to eat up this minimum charge, and it must 
be used for pumping at least that amount. So that there is no 
occasion in our case for us to pay a minimum charge for which 
we get nothing. 

Mr. T. G. Hazarp, Jr.* There is another point in connection 
with this subject that has been of a little interest to me, and that 
is the question of whether the hammer in the pipes is the result 
of the use of a one-cylinder oil engine. I have operated a couple 
of these 25-h.p. internal-combustion engines, and we have had some 
trouble with water hammer since they have been in operation. 
I would like to ask if anybody else has had that same trouble. 
Most everybody remembers a time about ten years ago when the 
first automobiles were in practical use, that it was a choice be- 
tween a steam engine and a one-cylinder gasoline engine, and any 
one who has tried the two types remembers the different feeling 
in riding with a very smooth-running steam engine and a very 
jerky one-cylinder gas engine. I have found that the pulsations of 
the pump are apparent at a very great distance from the pumping 
station where a one-cylinder, internal-combustion engine is used. 

PRESIDENT Davis. What kind of a pump have you? 

Mr. Hazarp. Triplex. 

Mr. Symonps. In connection with the subject of water ham- 
mer, several cases have come to my attention, but in no instance 
have we been able to hold the engine responsible for it. 

* Civil Engineer, Narragansett Pier, R. I. 
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I have in mind three cases; the first of these caused extreme 
vibration in the pipes in a factory, and in dwelling-houses in this 
particular section. The water supply in this case was gravity, 
and the particular section where the trouble occurred was under 
about 110 lb. pressure. It was finally traced to an old duplex- 
boiler feed pump, which was badly out of repair, and was sucking 
air. This pump was pumping directly from the mains. The 
trouble stopped as soon as the pump was put in order. 

The second case was also on a gravity system, and has never 
been fully explained so far as I know. Continuous hammering 
occurred at the end of a long 8-in. pipe about a mile from the 
reservoir. We could find no pump connected with this pipe. 
I suggested the use of air chambers as a possible remedy, and 
have not heard from the case for some time, so this may have solved 
the difficulty. 

The third case is on a pumping system, about one mile from 
the pumping station on one of a series of side streets leading off 
from the main line. The plumbing in one house at the end of 
this line has continuous vibration when the pump is operating. 
This street has been practically shut off. In this case the pump- 
ing is by a Triplex pump driven by a De La Vergne single-cylinder 
engine. It is a strange fact, however, that the vibration occurs 
in no other point in the system, although there are numerous 
streets similarly situated, and it is also practically all at one house. 

Mr. F. H. Hayss. It is suggested that the cause of the water 
hammer can’t be laid to the oil engine, but it is a possible thing 
that the water cylinders of the pump do not fill full. If they do 
not fill full they will water hammer. 

Mr. Futter. At Marblehead, some years ago, there was a 
tremendous amount of water hammer in the upper portion of 
the old Forest River Lead Works building. It was thought per- 
haps there was air in the pipes and every effort was made to re- 
move any air that might be there. I do not know whether the 
trouble was finally eradicated or not. There was one other 
house in Marblehead where they had a good deal of trouble from 
water hammer, but I do not know how that ended. That was 
from a steam pump that was located not very far from Forest 
River. None of the engines which have been spoken about were 
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used. At Wellesley there is one particular place on a side street 
where, when we changed from the regular pumping engine, which 
was one of the original duplex pumps, there was trouble of this 
kind. When we changed back again to the regular pumping 
engines the trouble seemed to stop. It has always been a mystery 
what produced the water hammer in those places which were off 
the water main. I think there is a good deal of difficulty about 
removing those causes. 

Mr. C. W. Futton. I happened to be the goat, a few years 
ago, in looking up troubles. I am rather inclined to think, in 
the case of this oil-driven engine pump, the trouble is probably 
in the suction side of the pump. Sometimes the pump won’t 
take its suction uniformly. And, as Mr. Hayes said a few minutes 
ago, the cylinders on the upper stroke of a single-action pump won’t 
fill completely, and they hit on a partly filled cylinder and you 
would think the pump was going off the foundation. I think in. 
this case the water hammer may have been due to that because of 
poor regulation on the part of the engineer. 

Mr. A. O. Doange. We had a case where there was no trouble 
whatever in the station when operating a direct-acting pump; 
it seemed to be going along as smoothly as possible, yet there was 
considerable noise in certain parts-of the pipe system, and it 
seemed to be due to running the pump at certain speeds. At 
one speed it would be very much worse than at another. And we 
had never been able to find any very satisfactory remedy for that 
condition excepting to be careful to run the pump at a speed which 
would make the least trouble. But as it is a reserve pump it 
does not very often trouble us anyway. 

The answer to that certainly is the centrifugal. The centrifu- 
gal does not cause any shock, so far as I know. And furthermore, 
I think that if you have occasion to pump into the mains directly, 
without any standpipe, reservoir, or other outlet except the serv- 
ices, the centrifugal is nearly the ideal machine, for it is automati- 
cally regulated. That is, if the centrifugal goes at uniform speed 
and the pressure drops when a big draft of water comes, the cen- 
trifugal automatically pumps more water as the head drops. 
And the converse is true, — if the pressure runs up the centrifugal 
pumps less water. In this way it acts as an automatic regulator, 
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even when running with a constant speed motor. It would not - 
do any harm if the discharge outlet was closed altogether. 

PRESIDENT Davis. Heat it up? 

Mr. Doane. Yes, it would heat up but would probably do 
no serious damage to the pump. 

Mr. Leonarp Mercatr.* I have been very much interested 
in this excellent paper of Mr. Symonds and the admirable dis- 
cussion which we have had after it, because it serves to bring home 
the complexity of the problem of the small pumping station. I 
think in many ways it is a much more difficult problem than that 
of the big pumping station, because you have not the financial 
resources with which to work. yr 

One can’t review the work of one of our old and valued members 
—Mr. Freeman C. Coffin — without having one’s admiration 
aroused by what he did in the development of these small pump- 
ing stations. 

I am sorry that Mr. Agnew is not here, because he might add a 
word in regard to the situation at Scituate. But there are various 
papers in our JOURNAL which perhaps have covered that ground 
fairly well; and there are other members, I think, who have be- 
come very familiar with the Hornsby-Akroyd engine, as it has 
been used at a number of other stations. The main lesson which 
it teaches, as I see it, is the lesson of comparative reliability in 
the case of a small water-works plant, even though the attendance 
of labor — that is, the amount of labor — expended on the plant 
be reduced to the minimum. 

I have been very much surprised, in going over the records of 
the Scituate Water Company, to see how cheaply it has operated 
its works, because, though there are three pumping stations (one 
of them only is operated during the winter season ordinarily, and 
the other two, during the summer season, when the summer 
colony is there and increases the population of the town from 
about two thousand to about thirteen thousand people), never- 
theless they are able to operate the stations with very little labor. 
The pump is oiled, started, and taken care of in the morning, the 
key is turned in the door, and the station is allowed to run itself 
until the oil supply gives ouf. 

Metealf & Eddy, Boston, Mass. 
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That brings home to us the importance of reliability, and I 
rise merely to add a little emphasis to the comments of several 
other speakers in regard to the subject of reliability, because, 
after all, the operation of the water works is a function touching 
the public interest. If the works are corporately owned, and 
fail for even a couple of days to render service, they may undo 
the work of five or ten years in the building up of the public good- 
will. And I might say that in the case of the municipal works, 
of course, any serious trouble of that sort usually results in a 
change of administration. 

It brings home to us, then, this fact, that the reliability of the 
type of plant proposed is of great importance. I noted this in 
an interesting way at San Antonio, some years ago, where for the 
high-service plant, drafting water from wells, and pumping inter- 
mittently, it was suggested that a pump of the steam-turbine- 
driven centrifugal should be used. The stock of the company 
was owned in Belgium; the bonds, in this country. 

A Belgian engineer reviewed the plans which we had prepared 
and made the suggestion that Diesel engines should be substi- 
tuted for the engines suggested, on the ground of economy, and 
stated that he had used them very successfully both in large and 
small plants in Belgium. My reply to him was that I recognized 
their economy, but the difficulty was that we had not yet, in this 
country, developed a sufficient number of men familiar with the 
Diesel engine to make me feel safe from a practical standpoint, 
and that an interruption of the service for the length of time 
required to transport a man who knew all about the Diesel engine 
and its difficulties, when he might be needed, from the point from 
which he could be obtained, to San Antonio, was too long; in 
other words, we could find, locally, many men who were capable 
of running a steam engine, an electric motor, or an oil engine, 
where we could find none familiar with the Diesel engine. The 
Belgian engineer accepted this explanation as being of controlling 
importance. The company finally installed the type of pump 
suggested (De Laval units), and has had continuous operation 
and successful service from it. 

The same question of reliability i8 met in all of these smaller 
plants, and the difficulty is tided over in many ways, as for in- 
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stance by enlarged reservoirs, or, if there be more than one pump- 
ing station, by the fact that greater safety grows out of the du- 
plication of plant in several pumping stations. And those factors 
will be of importance to you in making decision as to which type 
of machine you will put into use. The labor problem, which has 
been alluded to, is often a controlling factor. I think it has been 
my experience that, as viewed from the power end only, you 
generally have to get electric current for one cent a kilowatt-hour 
or less in order to compete successfully with the oil engine, and 
generally substantially less than one cent. On the other hand, 
when you take into consideration the labor factor the difference 
may be less. In other words, you can afford to pay more for 
your electric current and still use it advantageously. And if 
the question of intermittent use comes in, and cost of labor, as 
has been suggested here, then the electric motor may be more 
advantageous than any of the other types. 

Each problem will have to be settled on the merits of the case, 
or, rather, on the circumstances which attend operation. The 
difficulties of the problem are those attendant upon expense. I 
think that the men who have handled these small works success- 
fully, financially, deserve great credit for the way in which they 
have solved their problems. 


ude 

a. 

4 

; 
: 


186 MEETING WATER-MAIN COSTS BY ASSESSMENTS. 


MEETING WATER-MAIN COSTS BY ASSESSMENTS FOR 
BENEFITS. 


BY M. N. BAKER, ASSOCIATE EDITOR, Engineering News-Record, 
NEW YORK. 


War and prohibition have joined hands in making the financing 
of municipal improvements difficult. Bond issues cannot be piled 
up nor taxes incurred without limit. New sources of municipal 
revenue are being looked for. Old methods of raising funds must 
be utilized more fully. 

Assessments for benefits as a means of meeting the cost of 
streets and sewers is an old and well-tried practice, supported in 
most if not all states by a sufficiently long line of judicial decisions 
to put it legally beyond question. In recent years benefit assess- 
ments have been applied to other improvements than streets and 
sewers, — notably to parks, — and they have been proposed if 
not actually legalized for rapid-transit extensions in New York 
City. A few cities meet, or have met, the cost of water-main 
extensions by levying the cost on abutting property. Is this 
sound policy? If so, why not adopt it more generally? I raise 
these questions not to support or oppose water-main assessments 
but to make a starting point for discussion by practical men who 
are daily confronted by such questions as revenue guaranties for 
mains extended into sparsely-settled districts or to a lone house at 
the end of some long street. 

Before going further with water mains, it may be well to state 
briefly the underlying principle of benefit assessments. It is that 
a given public improvement renders a measurable benefit to all 
the property actually or potentially served by it, a benefit that 
increases the value of the property. The cost of the improve- 
ment may therefore be levied on the property in proportion to 
benefit, but not in excess. As a legal safeguard, some part of the 
cost is often placed upon the city as a whole. This may be fixed 
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arbitrarily by state law or local ordinance, or it may be determined 
for each case by the commissioners or assessors who fix the assess- 
ments. 

Unfortunately, most assessments are made by some rule of 
thumb, or follow old practice because it has been given court 
sanction. Rarely are assessments based on sound engineering 
and economic principles. What these principles are and some of 
the details of their application were stated twenty-five years ago by 
F. Herbert Snow, then city engineer of Brockton, Mass., in a 
report on sewer assessments which remains unsurpassed to this 
day. 

Mr. Snow’s report is of particular value to water-works men 
because it considers water supply in relation to sewerage and 
sewage disposal, and because it outlines a plan for distributing 
the entire first cost of a sewerage system between the property 
benefited — divided into public benefit to the entire city, and 
private benefit to the individual property owner — and because 
it proposes a yearly charge for the use of the sewers similar to a 
charge for water. In further detail, the report goes into the rela- 
tive merits of frontage and area assessments and, as I remember it, 
recommends a combination of the two. The scheme was put 
in use by the city of Brockton, and it or a like one was in vogue in 
several other New England cities a short time afterward, as wit- 
ness a symposium on sewer assessments before the Boston Society 
of Engineers some twenty to twenty-five years ago — printed in 
the Journal of the Association of Engineering Societies. 

As I have said, I neither advocate nor oppose paying for water- 
main extensions by assessments for benefits, but I think that any 
city which is puzzling over meeting the cost of such extensions 
might well study the plan. It might be particularly advantageous 
for small towns just building works. 
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Discussion. 


Mr. Cates MILLs Savitie.* Mr. President and Gentlemen, — 
The matter of Mr. Snow’s report on Sewerage Assessments at 
Brockton, Mass., was mentioned by Mr. Baker, but he did not 
mention another valuable report along those same lines, made 
some years ago by Mr. Frank A. Barbour of this Association, in 
connection with sewerage assessments at Peabody. About a 
year ago, I think it was, there was an article by Mr. J. J. Ledoux, 
published in the Municipal Journal,} dealing with the matter of 
assessments, in which he deduced that assessments for private 
water companies should net at least 25 to 30 per cent. of the cost 
before the extension was made. 

In opening I might perhaps say that this whole question has 
recently been before the Hartford Water Board for consideration 
and being in New York one day I met Mr. Baker and discussed 
some phases of it with him. Mr. Baker immediately seized on it 
as a good subject for discussion before this Association and that 
is the reason for my appearance today. Perhaps I might tell you 
how it came up and of some of its perplexities in Hartford. The 
method there used is probably that which obtains almost uni- 
versally throughout the New England States, although there may 
be some modifications. The cost is assessed, or not assessed, by 
finding what the cost of the extension will be, and then having 
the people who desire pipe, guarantee payment of this cost or some 
other definite amount. Sometimes payment is made in a lump 
sum; sometimes as a certain percentage of the actual cost — that 
is, the assessment is so divided that the total payment may ex- 
tend over a certain period of years; sometimes a certain size of 
pipe is decided on sufficient for the needs of the street — perhaps 
a 6-inch pipe — and if a larger-size pipe than that is used the 
excess cost of the larger-sized pipe goes into the general fund of 
the water department, this being an improvement to the city as 
a whole. Perhaps every year the cost of the preceding year may 
be taken as the basis, and the cost of the coming year based on 
that. The reason for using a uniform cost was in order to be 
- ® Chief engineer of the Board of Water Commissioners, Hartford, Conn. “ows 
t July 6, 1918, p. 9. 
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fair to all people. For instance, if a man were so unfortunate as 
to live on a rocky hill, he had to pay perhaps two or three times 
as much for the pipe as a man who lived in a good gravel terri- 
tory, where it was very easy to put the pipe in, and it seems 
desirable so far as possible not to penalize people who cannot 
always overcome natural obstacles. 

Originally in Hartford there was a 10 per cent. guarantee on 
the cost of installation. Now the petitioner guarantees 10 per 
cent. annually on the cost of laying an 8-in. pipe in that street. 
That is, an 8-in. pipe is the smallest pipe that we ordinarily put 
in, except in streets that are 500 ft. or less. In that case it is the 
cost of a 6-in. pipe that is used. 

Now, the difficulty that has come to us — and I presume it is 
the difficulty that may be met in a great many other places — is 
that of a man who has a vacant lot on a street. There happens 
to be no city water main in that street, because the land was 
formerly owned or developed by a building promoter. At first 
one house was built perhaps near the end of the street where there 
was a city water pipe and application made for a service connec- 
tion, which was installed. Then another house was built and 
connected by the owner to the first service pipe. That method 
was continued until ten houses were connected on a 1-in. 
service pipe, all the way along the street, the pipe being perhaps 
eight hundred or a thousand feet long. Then comes a man who 
has bought a lot on the street about halfway down. This man 
builds the house and suddenly thinks he would like some water. 
He starts out to find where his water is coming from and he finds 
this private pipe, to which he thinks he will connect, but encounters 
strong opposition from those now connected who say, ‘“‘ We have 
now no more than enough water for ourselves; you cannot con- 
nect to this pipe.’””’ He then comes to the department for infor- 
mation as to what can be done. He is told to get a petition 
signed to have a water main put into the street. The cost of an 
8-in. pipe this year is estimated as $3.00 per running foot. If 
the house is 500 ft. from the present main the total cost would be 
$1 500, or at 10 per cent. per year $150, to be guaranteed annually 
less the cost of water used paid for at meter rates. The reply to 
this is that he can’t afford to put a pipe into this street, as his 
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water rent would probably not exceed $18 per year. He is then 
advised to get his neighbors on the street to join in the guarantee. 
He goes to them, and comes back with the report that they are 
supplied with water’and do not propose to take on his troubles 
under this basis. What is to be done? The householder mani- 
festly cannot afford to pay, and at the present time assessment 
cannot be levied on other consumers on the street or on vacant 
land which is benefited if a main pipe is put in. ; 

Another case has been brought up: A building promoter peti- 
tioned for and had laid about a thousand feet of pipe in the street; 
from that he took off branch pipes and carried them all around the 
developed area and the department put on three master meters 
through which water was supplied to 28 to 30 houses. The pro- 
moter collected from these a proportional part and paid the 
department for the water registered by the master meters. Year 
before last he had considerable trouble with freezing of the serv- 
ices that he put in. Some of the people that he sold water to used | 
water pumps to drain out their cellars and some used a great deal 
more water than the others did, but objected to paying a very 
large amount for the water they used, and he had considerable 
trouble. He came to the department and said, “‘ I have no more 
interest in this development; I have sold it all, and just notify 
you at this time that I intend to pay no more water rents. — If 
you like you may take over my water system, but I have no more 
interest in it.” Now, the department did not wish to take over 
this system because they would have on their hands about 2 000 
ft. of 14-in. pipe, and the minute they took it over it would be a 
city pipe and the people in that neighborhood would have called 
for an 8- or 10-in. pipe in order to get fire protection. 

Now, as Mr. Baker has said, there are three or four ways of 
assessing benefits, and water supply in a street is a benefit un- 
doubtedly, and a great benefit. One method of assessment is 
the frontage method. Offhand, one would think that was a fair 
way, to assess everybody on the street. All are benefited, and 
the vacant lots are so benefited that the selling price immediately 
is increased when water is available in the street. But in some 
ways this is not a fair proposition. You can conceive of a large 
vacant lot — a large farm, we will say — that the owners do not 
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propose to develop, perhaps, in the lifetime of the present owners, 
and yet beyond there is other land that the owners wish to develop. 
The vacant-land owner does not wish to pay for the installation of 
a pipe he will not use but, on the other hand, it benefits his land 
and increases its value. 

Now, I am not yet ready to propose anything and just bring up 
these matters so that perhaps somebody will give us an answer or 
at least provoke discussion that may result in suggestions of value 
in meeting what now is a most perplexing condition. With the 
frontage proposition is a thought that Mr. Snow has very well 
brought out in his report on this matter, and that is that the front- 
foot proposition is not always a fair one. Suppose you have two 
lots, one of them perhaps 150 ft. long, with a private residence; 
adjacent is a small lot, perhaps 25-ft. front, on which is erected an 
apartment house of 6, 8, or 10 apartments, which will use three 
or four times as much water as the single house uses. In this 
case it is easy to see the frontage proposition will not always be 
fair or equitable to consumer or department. . 

Beside this comes the fact that it may often happen that there 
are rear lots, entrance to which is obtained by a passage from the 
main street; perhaps the passage may be only 15 or 20 feet wide, 
and yet in behind there may perhaps be a large area that could be 
developed. In the report of Mr. Snow there are all kinds of com- 
binations that can be had and mention is made of these- only to 
show some of the possible objections to the frontage plan. 

The area plan offers some inducements, and perhaps the proper 
solution of the problem may be some combination of the area and 
the frontage assessments. 

Besides the methods are the ways of collecting this assessment. 
The first method to be thought of usually is a lump-sum payment 
and its logical alternate, which is a method of deferred payments 
of the principal sum. 

Another proposition is the case of corner lots. It is obvious 
that ordinarily a man will only take water from one street. : 

To get at the vacant-land owner, there is a possibility that, 
recognizing the hardship of paying an assessment on land that is 
not developed and bringing in a return, some modification might 
be devised. Possibly he might be required to pay something 
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when he did enter this water pipe, — perhaps not pay for what 


has passed, but for the future, and by then signing a guarantee to. 


come in on the same basis that other people had come in on and 
so divide the burden with them. Perhaps some lump-sum pay- 
ment might be required before connection would be permitted to 
one who had not signed the petition. 

In most water departments at the present time another in- 
equality in assessments presents itself. Suppose a main a thousand 
feet long, and a half-dozen people sign up and guarantee its cost. 
One man on the street, or two or three men, perhaps, own vacant 
land. They are approached by ‘the people who want water and 
asked if they will sign this guarantee. This they refuse to do 
because they say they have no interest in it, they do not propose 
to build at present. In several cases, however, it has been found 
that after the pipe had been put in, these same people who refused 
to sign the guarantee immediately built, and the pipe being a 
city pipe, they have a perfect right to have entrance to it. They 
enter on that pipe and have all the privileges that accrue to the 
original people with none of the responsibility of guaranteeing its 
cost. 

One other matter that comes up in this guarantee business is the 
effect. of development propositions. Many builders will apply 
for extensions, and be perfectly willing to put up the guarantee. 
They are outside concerns, however, over which the city has no 
control. After building the houses they will sell them. Of 
course this guarantee is a lien on the estate to a certain extent, 
but the builders may not be responsible. Just at present in Hart- 
ford a bond for payment is required from these outside promoters. 

As stated in the beginning, the matter of amounts for installa- 
tion of extensions of water mains is a most perplexing one. It is, 
however, of very great importance to the department, especially 
at the present time. On the one hand, the department finance 
must be consulted, and no additional burden placed on present 
consumers which is not proper or fair to all. On the other hand, 
as it is desirable to encourage building development as much as 
possible, it seems very necessary to adopt some plan for meeting 
the cost of water-main extensions which will be attractive to pro- 
spective builders. 
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Mr. Carteton E. Davis.* Mr. President, I am not going into 
the theory of the assessment for benefits, but I can perhars give 
some practical experience on the question. 

Benjamin Franklin is supposed to have established the assess- 
ment charge that prevails in Philadelphia. We are working now 
under an ordinance that was passed in 1855, and before that 
time the same principle was in vogue and is generally attributed 
to Benjamin Franklin when he established the water works. 

We charge a dollar a front foot on each side of the street. The 
corner lots, after having paid a frontal charge, are charged only 
50 cents on the side. No property extending to a rear street is 
charged on the rear street unless the property has a greater depth 
than 100 ft. The assessment is a lien on the property, and is 
collectible by the usual methods followed in such cases. If, how- 
ever, a water pipe is necessary in a rural or country district and 
we have to go past unoccupied territory, where there is no im- 
mediate demand for development, in order to supply water for 
distant places, the intermediate land that is not developed is not 
subject to the lien, but no buildings put up in the future on such 
property can secure water until they have paid the $1 a front foot. 
In a suburban property, neither city nor country, it is left to the 
discretion of the bureau as to whether the frontage charge is or 
is not equitable, or whether it should be postponed. 

In certain cases we are without ready money to lay water pipe, 
and in order not to arrest development we have an arrangement 
whereby the majority of the owners can lay a pipe under private 
contract. They do the actual work, subject of course to our in- 
spection. In that case they are required to file with us a certified 
statement of the actual cost of the work. Each abutting owner 
then is prorated on that expense, but a property that does not 
join in the cost cannot have an attachment for a period of ten 
years unless they have paid their pro-rata share. After ten years 
the rights of the parties laying the pipe lapse and then the Bureau 
collects the full price of $1. 

Mr. Baker referred to the prohibition amendment as affecting 
water revenue. Philadelphia has been looking after additional 

* Chief of Bureau of Water, Philadelphia, Pa. pr re ee 
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revenue to take the place of the supposed loss from that source. 
The water bureau suggested the possibility of a special assessment 
for the high-pressure fire service. It was not taken up, and per- 
haps it was not made very seriously. But the fact was brought 
out that the high-pressure fire service had given preferential fire 
protection, possibly affecting insurance rates, in certain districts 
of the city. It was questionable whether that additional protec- 
tion had been reflected in the tax rate. The proposition was made 
of a tax per cubic foot of area of buildings within the zone of the 
action of the high-pressure fire system. I have forgotten what 
that rate on a cubic-foot basis was, but it was a very small yearly 
sum. 

Mr. A. R. Hatuaway.* Mr. President, we in Springfield would 
not want the impression to go out — at least I would not, and I 
do not think Mr. Martin would — that we have been lax on this 
subject. It has been a problem, and is now. 

Of course, in making main-pipe extensions in streets, there are 
two classes of streets, — the private street where a right of way 
and control is first obtained, and the public street. Then there 
are two primary reasons for making such extensions. In one 
case the municipal water works — (I do not call it the water 
department) — usually makes the extensions without petition or 
guarantee, to cover fire needs and the needs beyond the domestic 
uses. The other case is where real estate promoters start in to 
build up a tract or individual lot owners want water. In such 
cases they have to come in the office and get a guarantee-petition 
blank and have the same properly signed. We have our guaran- 
tees on practically the same basis as Mr. Saville spoke of. For a 
good many years they haye been made on a basis of 10 per cent. 
of the cost of a 6-in. pipe, the 6-in. being the smallest we laid. 
Eight inches is probably the smallest we now lay except in certain 
cases, the same as in Hartford. We figured it out a good many 
years ago at about 15 cents a foot per linear foot of pipe wanted, 
and anybody coming into the office and wanting to get a pipe in a 
street was given a guarantee which he signed. One party or any 
number of parties could sign and distribute the amounts that they 
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guaranteed among themselves as they chose. But the aggregate 
of the guarantee must equal the above 10 per cent. of estimated 
cost for laying the pipe. Then, before the Board of Water Com- 
missioners authorized the extension, we scanned the signers very 
closely, as it became a personal agreement and not a lien on the 
property; it could not be transferred from one person to another; 
the signers were held personally liable. After we accepted it 
and filed it away, the extension was made and the services were 
put in as property developed. People might buy lots, build 
houses and have them connected to the extension whether they 
were signers of the guarantee or not. But the water rents were 
all credited to that guarantee, and the balance between the rents 
received and the 10 per cent. total was laid on the signeis at the 
close of each year. For a good many years we have been very 
successful in that method. 

There is one thing we have not liked about it. The guarantee 
was perpetual and in some instances lasted too long. The signers 
were held to that guarantee until the water rental equaled the 
total amount of the guarantee, at which time the agreement 
automatically canceled itself. Sometimes it leaves out the owner 
of one lot or several lots who want to lay back and let the others 
take the initiative and develop the value of the property for him. 
That is the weak point. We have had a number of people of 
that kind, and they have not been in very good odor with the rest 
of the people on the street, but as fast as they sold out and the 
new owners became water takers, they would help the signers so 
much. Some method whereby each lot owner, benefited by such 
an extension, could be made to pay his proper share, would be 
desirable, but without some municipal ordinance or legislative 
enactment we could not do it very well. 

Of late years, as we all know, there has been a growing laxness 
on the part of a certain class of foreign property owners, and 
after figuring the guarantees for the year and making up the 
balances and sending out the bills to the signers, we find that some 
of them have skipped out, become bankrupt, or something has 
happened to them, and we have to turn their balances over to 
the law department for collection. Our losses have been very 
small, however. I have had some tabulations made recently, to 
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show how we have been coming out with our main-pipe guaran- 
tees, and I thought the results might be of interest to you to-day. 
The first guarantee that was issued was made in 1892, and the 
total number of guarantees issued from 1892 to 1917, twenty-five 
years, was 485. The total number of guarantees canceled and 
filed away was 398, leaving 87 not yet canceled. Of the 398 
which were canceled, 384 were canceled in the first five years of 
the life of the guarantee, or 79 per cent. of the total number is- 
sued. We consider this a very good showing. In the last five 
years, 1913 to 1917, (the tabulation being made only up to 1918), 
158 guarantees were issued, of which number 90, or 56 per cent., 
have been canceled. A majority of the 87 uncanceled ones have 
been running but a few years, with a good prospect of being can- 
celed by the increasing water revenue to their credit from such 
extensions. 

Some of the others, running back in previous years, are within 
a year or two of their last bills for balances due, while a few of 
the older ones are considered as “ hard nuts” and probably 
worthless. 

We have lately decided that, instead of letting the real estate 
promoters and petitioners take the blank petitions out, we are 
going to have them come to the office and bring the signers to 
the office. We wish to be very sure that they personally under- 
stand the guarantee that they are signing. We have one case in 
particular where a party was a selectman of a town, and the 
town wanted to get an extension to supply hydrant purposes. 
And he went around and got some working people to sign the 
guarantee petition; and while they have taken the water as they 
agreed, the guarantee has not canceled itself, and they have been 
protesting against the assessment of the balance that is due, say- 
ing that they did not understand it, — that all they were to pay 
was the water rent. This man did not explain the guarantee to 
them as we would have done in the office. By insisting upon these 
guarantees being signed at the office, we will be sure that they 
understand it and that they are personally responsible before we 
put the guarantee up to the water board. 

Another change we are considering is a guarantee limit, and I 
like Mr. Saville’s idea of a ten-year term. Perhaps we might 


| 
& 


DISCUSSION. 197 


put the percentage a little bit higher to start with or compute the 
annual amount of guarantee on a basis which will provide for the 
payment within a given term of years of a reasonable portion of 
the full cost of the extension wanted. 

In certain cases where property does not develop as anticipated, 
and where, by means of sale or change, the particular interest of 
the guarantee-signers in such property ceases, it seems a hardship 
to continue to hold such signers to their guarantee-obligations 
after a reasonable number of years have elapsed. 

Mr. LeonarD Metcatr.* Perhaps I can broaden the discussion 
a little, though I do not know that I have very much to add. 

Mr. Davis just suggested to me the increasing difficulty which 
a large city would have with a great number of such accounts. 
In Philadelphia, he tells me, he has about 10 000 new accounts 
a year. You can see that the difficulty of keeping track of any 
such volume of agreements or contracts, extending over a period 
of ten or twenty years, would multiply very rapidly. In a small 
community it is not so burdensome. 

You may be interested in the experience which we have had 
in my home town of Concord, where, when we built the sewer 
system, Mr. William Wheeler, who is a member of this Association, 
and who was for a great many years chairman of the water board 
and subsequently the sewer board, worked out a scheme under 
which the income from the water works has carried the interest 
and sinking-fund account on the sewers. The water-works 
earnings contribute about $11 000 a year to the sewer fund, and 
have liquidated about one third of the sewer debt. 

It is interesting to note that we have had no litigation, which 
is rather unusual where some form of betterment tax is levied. 
To make the charge equitable there is remitted one fourth of the 
water charge in those houses which cannot be served also by the 
sewers, so that the houses that have only one service pay smaller 
water rates. 

I was very much surprised, some time ago, when Mr. Frank C. 
Jordan, secretary of a committee of the American Water Works 
Association, and secretary of the Indianapolis Water Company, 
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investigated the question of rates in different states, to see how 
many states there were in the country that already had the sys- 
tem of charging a frontage tax. It is my impression that there 
were something over 30 cities, and the amounts varied in different 
places, but usually they were determined by the approximate 
cost of a 6-in. or 8-in. pipe on a frontage tax regardless of the 
size of the pipe which was put in. 

That, for instance, is the case at Los Angeles, where, if I re- 
member rightly, 80 cents a front foot is paid on each side of the 
street by abutting property, or $1.60 per linear foot of pipe, which 
nearly, if not quite, takes care of the distribution pipe system 
cost. I remember that Mr. Hazen and I figured roughly that the 
water rates in Los Angeles would nearly have to be doubled if 
that proportion of the cost of the works were not borne by the 
abuttors directly, through this front-foot charge. Obviously, in 
passing, it is to be noticed that when you compare rates of cities, 
you must be careful about any such tax as this, because it has a 
material effect on the rates. 

In reference to articles upon the subject, it occurs to me to call 
to your attention an article which was presented by Mr. J. B. 
Lippincott of Los Angeles before the American Society of Civil 
Engineers,* perhaps two years ago; and I think that Mr. J. L. 
Van Ornum also presented a paper before the American Society 
of Civil Engineers t some fifteen years ago, in which this general 
question of betterment taxes was thoroughly discussed. Both 
articles were good. 

I was particularly impressed in our western cities, and in some 
of the middle western cities, with the advantage to the water 
department and to the city, of having some such tax as the front- 
foot-tax, on the basis of 6-in. or 8-in. pipe, because of the tre- 
mendous area included within city limits in many of our western 
cities. There is a marked difference in that respect between our 
eastern and our western cities, and it has led to increasing the cost 
of the public utilities to the residents of a city tremendously. 
You may take as an example of this the city of Denver, which is 
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built out in different directions with long stretches between the 
settled areas. It places a great burden on the city as a whole for 
its public service, its water pipes, gas pipes, electricity, and so on. 
A great part of the cost of those utilities would be saved if the 
city were more compactly built. Inasmuch as that is the result 
generally of land development or speculation schemes, it seems 
to me not unreasonable to throw some of the burden of that cost 
back again immediately on the land. I must confess that as I 
have reviewed the situation in some of our western cities more 
and more it has seemed to me that it was equitable to throw 
that burden on the land. It is true that there are cases in which 
unfairness would result; but that is true of any system that you 
can devise — there are exceptions to the rule. It is generally 
equitable to make those who benefit by the substantial increase 
in the value of the land through its conversion from country or 
grazing lands to suburban property, pay a portion of the burden 
of the utilities, rather than to throw that burden back again, 
upon the compactly settled city, which does not benefit directly 
by the development of those more remote areas. 

The requiring of a guarantee, to which Mr. Saville has referred, 
is common practice. The percentage return exacted has varied 
very materially. In our own town, where we have for the most 
part a gravity system, a 4 per cent. basis has been used instead 
of 10 per cent. Of course, under those circumstances there is no 
return for the water, but the general system of carrying out the 
guarantee has been the same as that referred to here, and I do 
not think that it has been burdensome. 

The practice of the commissions in this respect has varied 
materially. I was very much surprised a few years ago in appear- 
ing for the Milford Water Company, before the State Board of 
Health, which then had jurisdiction in water-company matters, 
at a ruling which was made by the board in regard to an extension 
desired in a section of the city where we showed that it could 
not possibly be commercially successful. The company had 
theretofore adhered to the general rule that unless a return of 
10 per cent. upon the investment could be earned the extension 
would not be made. The board admitted that the return could 
not be earned, but took the position that if the citizens were willing 
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to bear the burden of additional payment for hydrants, or in- 
crease in rates, there was no reason why they should not have the 
extension. I called the attention of the Board to the fact that 
when you once departed from a rule of that sort it was exceed- 
ingly difficult to draw the line anywhere, and that there were 
other extensions in which the abuse would be greater; but the 
board adhered to its decision. The extension was made, and the 
return proved totally inadequate as predicted, and is a burden, 
therefore, upon the remainder of the community. Since then an 
additional extension has been asked for and has been a matter of 
embarrassment. I think that from a business point of view the 
course adopted was exceedingly unfortunate. 

A similar situation arose, I remember, in the administration of 
the Indianapolis Water Company a few years ago, when com- 
plaint was made to the Public Service Commission by some of 
the real estate interests that the company would not make exten- 
sions except under a stated return. I think the return was less 
than 10 per cent. but it may have been 8 per cent. at that time. 
The water company said to the commissioners that if they wished 
to decide this issue they were entirely content to be relieved of 
the burden of it, because it was a very unpleasant duty. They 
asked first, however, to take the commission out on to the ground 
and show the commissioners the character of the development 
that was proposed and the business aspect of the matter. The 
commission undertook for a time to pass upon the question, and 
as I remember, within a few months, certainly within the year, 
threw it back on the company with the comment that it preferred 
the company should make the decision. In other words, I think 
that the political aspect of the matter sank in a little and that the 
commission realized that it was not a popular thing to have to 
deny these extensions, and when the commission faced the prac- 
tical situation it very soon realized the truth of the water 
company’s statement, that as a business proposition it could not 
be done unless the additional burden were thrown upon the rest 
of the city. 

I remember another case, — that of San Antonio, Texas, — 
in which the policy, referred to here, was adopted, of permitting 
the real estate men to lay their own wrought-iron pipe systems 
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without giving any fire-protection service, and the water com- 
pany simply connected up with those pipes and collected the 
revenue for the water which was distributed. That resulted 
finally in their having a very large amount of small pipe in the 
outskirts of the city. I state this with some reservation, as it is 
some time since I went over those figures, but it is my recollection 
that there were over a hundred miles of that wrought-iron pipe, 
and that when we came to discuss with the city authorities the 
renewal of the hydrant contract, one of the provisions of the 
agreement looked toward the gradual replacement of this large 
amount of wrought-iron pipe by cast-iron pipe. The laying of 
the wrought-iron pipe in many cases was distinctly advantageous 
financially, in that a return was enjoyed for a considerable period 
of years on a small investment, because there the pipes were laid 
very shallow, and the laying of the cast-iron pipe could be de- 
ferred until the revenue was sufficient to carry the added invest- 
ment of the cast-iron pipe system, — particularly in view of the 
fact that the real estate had borne the burden of the wrought-iron 
pipe system as originally installed. 

I think that the figure that Mr. Saville quoted in regard to the 
percentage of return suggested by Mr. Ledoux of 25 per cent. is 
a high one. More often a return of 10 per cent., in some cases 
a return of 12 or 15 per cent., has been exacted; but not often so 
high as 25 per cent.; although it is obvious that a return of 10 
per cent. will usually not leave much if any margin over the cost 
of the water. 

Mr. A. R. HatHaway. There comes to my mind certain 
recent opinions handed down by some of the public utility com- 
missions in some of the western states. I have three cases in 
mind where they have stated that there is a question in their 
minds whether a water works, privately or municipally owned 
and operated, can reasonably refuse an extension of mains simply 
because the proper percentage of return on the cost basis is not 
met by the water takers or by responsible signers. In other 
words, they state that the water works should serve the public, 
and should put in such extension whether it is to be a paying 
proposition or not. That seems to me to be quite a drastic 
ruling. 
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Mr. A. E. Martin.* Mr. President, I do not want the members 
of this Association to go home carrying the idea that there is any 
resident of Springfield who would feel any chagrin over getting 
his neighbors to sign a guarantee for water rental that would 
benefit him. But there is only one man in Springfield that I 
can remember at this time who ever refused to help out his neigh- 
bors by signing a guarantee. Mr. Hathaway has given you the 
particulars of our method there very much more minutely than I 
could if I had gotten on my feet before he did. But, in this par- 
ticular that Mr. Saville refers to, I think he must have misunder- 
stood me over the telephone, as our conversation was carried on 
in that way. This man to whom I referred is one who, instead 
of feeling any chagrin over accomplishing such an object as he 
evidently did, and — as I know that he did, (for he had houses on 
the line and came in afterward and had them connected and was 
able to get water from a pipe, the income from which was guaran- 
teed by his neighbors), — instead of feeling any chagrin, as I 
say, he is a man who would smile to himself in a self-satisfied, 
sardonic way. Evidently he feels that way, for he has allowed, 
in more than one instance, his neighbor to help him out in such 
cases, and I know he feels no chagrin about it. 

Mr. GEorueE A. Kine.t Mr. President, one point Mr. Hatha- 
way made which I think might be qualified. As I understand, he 
stated that in case the land was sold by the man making the 
guarantee, that the guarantee could not be collected. If that 
party had built a house upon the property and then sold the 
property, I think the guarantee can be collected. We have had 
a decision to that effect from the city solicitor, claiming that 
special privileges might command special rates from the water 
commissioners. 

In getting our guarantees we get a separate paper from each 
guarantor, and he guarantees a certain amount. We do not get 
one paper in which all join together in one guarantee for the whole; 
each one is a separate guarantee. 

Mr. SavitueE. I would like to ask Mr. Metcalf if those houses 
served by the small pipes could not, instead of the department 
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taking them over, have been as well supplied if at the end of the 
city’s main a master meter had been placed and the water billed 
to the man owning the small pipe, rather than putting the burden 
of the small pipe on to the city department. 

Mr. Metcatr. If you are referring, Mr. Saville, to the San 
Antonio situation, it is my recollection that the water company 
did not take over the burden of the water system at all; it simply 
undertook to supply the water. But it had the machinery for 
the collecting of the bills, and it got its compensation directly 
from the people who used the water. But it paid nothing for the 
pipes, and it disconnected those pipes and left them in the ground 
and laid cast-iron pipes at a later date. 

Mr. Savitue. In the place of them? 

Mr. Mercatr. In the place of them, when it finally got to 
the point of wanting to put in a larger pipe system giving fire-pro- 
tection service. 

Mr. Savitte. Mr. Hathaway raised the question whether 
there was an obligation or not on water departments to supply 
certain portions of a city. I think that one answer to that is 
that there may not be an obligation from the fact that the main- 
tenance and operation charges of the water department are not 
met from the tax levy but from the income from the water de- 
partment itself. If they were met from the tax levy it seems to 
me as though there might be such an obligation. I don’t know 
whether that is sound law or not, but it seems to me as though 
that might be so. 

Mr. Patrick Grear.* Mr. President, if we had the same rule 
in Holyoke that Mr. Davis has in Philadelphia it would be a 
golden rule and would be all right; then we would not have any 
trouble collecting our water taxes. But where you have been 
liberal for a number of years, running a thousand feet of water 
pipe here and there in all parts of the city without any charge, 
and selling the water at a very low rate, then I say you would 
have a very hard time trying to raise your water rates. 

In looking around to see where we could get some money, we 
decided to assess the property owners for new extensions on the 
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$1.00 per front foot basis, which I thought at the time was a little 
high. But I never dreamed that Mr. Davis was charging the 
same as we are. Before this rule went into effect a man built a 
house on a street fifty feet beyond the end of pipe laid and we 
extended the main as far as his house free of charge. After this 
rule was in vogue along comes another man and builds a house 
on the same street fifty feet east from end of pipe laid and we 
extended the main as far as his house, charging him $50. 

There is another proposition before our board, which is a large 
one, and that is, where pipes are laid on streets for a number 
of years — where a man builds a house and applies for a water 
connection, that he will pay an assessment for same before the 
water is turned on to his premises. But I can readily see from 
what is said here this afternoon that it is a larger proposition than 
I figured it.to be. Nevertheless, I think it will do away with a 
great deal of bookkeeping. I can’t say whether it is a good idea 
or not, to make a service charge for every service connection that 
is put in hereafter. 

We have over twelve hundred vacant lots in our city, and the 
main pipes have been put in for years and years. Now the owners 
of these said lots, under our present system, would get away 
without paying anything in case a service connection was made — 
but a fellow that is going to build on a new tract where the main 
will have to be extended must pay for extension and also the serv- 
ice connection. I am of the opinion that we can put a charge on 
all owners of said vacant lots and future extensions and thereby 
do away with the front-foot charge. 

Mr. Mertcatr. It might be interesting to ask Mr. Gear if, 
inasmuch as they are in need of revenue and want to be fair to 
everybody, it would not be a good scheme to put that service 
charge on all the houses where they have a service now. 

Mr. Gear. Well, Mr. President, with those service charges, 
and also other things, we have found that money could be gotten 
without charging the poor man. For example, early last year 
we increased our revenue without charging any poor man a cent. 
There was only one automobile fellow who did not want to pay, 
but he paid it just the same. 

Mr. Joun C. Cuase. One interesting thing in connection with 
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Mr. Gear’s remarks was in regards to the bookkeeping. He says 
they have no trouble in knowing where the money goes to. 

Mr. Gear. No extra bookkeeping, I think I said. Our pres- 
ent clerks will do all the work required. We have hopes of get- 
ting this new system started without any extra clerks. 

Mr. Frep L. Cusuinae.* Mr. President, we have in our rules 
and regulations a provision which explains why we charge the 6 
per cent. We charge 6 per cent. for an extension and require a 
guarantee by the person wanting the water, and a bond that 
they fulfill the guarantee for a term of thirty years, which will 
pay 33 per cent. interest and 23 per cent. sinking fund, making 
6 per cent., the city acting on the theory that they advance the 
cost of the work and get it back in their ordinary charges. We 
have a good deal the same troubles that the others do, and I do 
not think that is the best method. If we could have it made a 
lien on the property, we would make all the property that was 
benefited pay the expense, but as we can’t even make the water 
rates a lien on the property we don’t see much use in trying to 
make the construction charge. 

Mr. Freperic P. Stearns.f Mr. President, in discussing this 
subject I will have to hark back to the time when I was with 
the State Board of Health, some thirty years ago. At that time 
I was a good deal interested in a comparison between the methods 
of raising money for sewerage systems and for water works. I 
am referring now mainly to the original systems, rather than to 
extensions. 

In cases where sewerage systems were to be built, it was the 
usual rule to assess the cost of the system, or of a large part of 
it, upon the owners of property bounding on the streets in which 
the sewers were laid. This required large payments by the owners, 
and often was so great a burden upon them as to create opposition 
to the installation of a system and prevent its construction. The 
establishment of a very much needed sewerage system was in 
this way deferred. In any case, under this arrangement the town 
assumed the responsibility for the annual cost of operation and 


* Water Registrar, Medford, Mass. 
+ Consulting Engineer, Boston, Mass. 
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maintenance, and generally the interest and sinking fund charges 
on a part of the system. 

Municipal water works, on the other hand, were generally 
built by the issue of bonds, no charge being made against property 
except an indirect charge for hydrant service, and an annual 
assessment was made upon the water takers to defray the expense. 
This method was very successful, as nearly all the municipal 
water works in Massachusetts were receiving revenue sufficient to 
pay the running cost, the interest on the bonds, and a very con- 
siderable amount for sinking the bonds. As a general rule, the | 
amount paid into the sinking fund was much in excess of the 
actual depreciation, so that the net debt was less than the actual 
value of the works. In other words, this method was one which 
did not delay a needed municipal enterprise, and did not cause 
the people to kick nearly as much at the annual water rates as 
they did at the large sewer assessments. 

As showing the excellent financial condition of the water works 
under this system of raising money, I recall a study which I made 
as a part of an investigation for a Metropolitan water supply in 
1894. The cities and towns in the Metropolitan District within 
about ten miles of Boston spent for extensions of works during 
the ten years from 1883 to 1893 about $13 000 000, and the net 
debt of these places in the same time increased only $2 000 000. 
That is to say, the revenue from water rates had been sufficient 
during these years to pay by far the greater part of the cost of 
extensions. This is an example of the large amount of money 
which can be raised through annual assessments without being 
especially burdensome. 

I do not wish to argue against the justice of assessing costs 
upon property benefited, but under the conditions existing in 
New England that is not the practical way to obtain the best 
results, because money can be acquired much more easily and in 
greater quantity through annual assessments than from large 
special assessments. Even in the matter of extensions, I believe 
that a liberal policy should be employed. It does not do any 
serious injustice if a small part of the revenue obtained from the 
existing water takers is applied to extensions so as to prevent too 
large a charge against those benefited by the extensions. 
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Mr. X.H.Goopnouau.* Mr. Baker’s suggestion is a most inter- 
esting one. One of the serious difficulties encountered by health 
departments at the present time is that of securing extensions of 
water-works systems in sparsely settled districts. The publie 
water supply is by far the most important of all public services 
in its relation to public health and is also one of the most import- 
ant of all in its relation to public comfort and convenience; but 
it is the common practice when a petitioner desires the extension 
of a water main in a sparsely settled district to charge the whole 
interest on the cost of laying the main to the person who asks for 
the water and, unless he can give a suitable guarantee, the work 
is not carried out. Of course, when such extensions are made, 
if other takers come in along the line of pipe they are supplied with 
water generally at the usual rates, and while the charge to the 
original petitioner is reduced he still may pay a disproportionate 
share of the cost. Very often along such extensions there are 
dwelling houses where the owners choose to continue the use of 
their own private water supplies and decline to take water from 
the public works, and while their estates are improved they pay 
nothing for the added value. 

This plan of charging for a water main seems unfair and un- 
reasonable. Under its operation it is sometimes impracticable to 
secure the extension of the public water supply into districts 
supplied from polluted local sources, which may constitute a serious 
menace to the public health, except in cases where some private 
individual pays the larger part of the bill. Even in such cases, 
most of the inhabitants would willingly become water takers 
provided they could obtain their supplies at the same rates as 
other citizens of the town, but cannot afford to pay the whole 
charge for an extension until such time as enough takers come in 
to reduce the charge to the regular rate. 

One of the improvements following the introduction of water 
supplies in towns and villages noted many years ago was the de- 
crease in the prevalence of typhoid fever in such communities, 
and there are still small villages and districts dependent for water 
supply on private wells in which a relatively high rate of typhoid 


* Director and Chief Engineer, Mass. State Dept. Health. 
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fever still persists. Experience has shown that many of the 
private wells and other supplies used in villages and rural districts 
are polluted, and much of the typhoid fever occurring in the late 
summer and early autumn may still be due to this condition. 
For example, one small town in Massachusetts, used to a con- 
siderable extent as a summer resort and still supplied with private- 
well waters, has had a persistently high typhoid rate for many 
years. A thorough examination of all the facts has failed to show 
any other cause for the prevalence of typhoid in this town than 
the polluted wells. 

Many cases have arisen in which it has been found important 
for a city or town to extend its water-supply system to a sparsely 
settled district for the protection of the public health, and in such 
cases a part at least of the cost of the extension might reasonably 
be charged to the town as a health measure. A_ benefit also 
accrues usually in respect of charges for insurance following the 
introduction of a water supply of sufficient capacity for fire 
service. Furthermore, the laying of a water main in such a dis- 
trict unquestionably enhances in most cases the value of the 
property. It would seem reasonable not only that the town should 
pay a part of the cost of such extensions as a health measure, 
but also that a considerable part of it should be assessed upon 
the estates benefited in proportion to the benefit which they 
receive. 

It does not seem fair or reasonable to operate public water 
supply in any city or town solely as a business proposition and 
as a means of protection from fire. The water supply is, in addi- 
tion, a most important means of protection of the public health, 
and its use for that purpose should be given due consideration. 
If a sewer is a benefit in any street, and if when a sewer is laid it 
is reasonable to tax all the abutters whose lands can be drained 
into the sewer, it is unquestionably even more reasonable that 
when a water supply is laid in a street the abutting owners should 
also pay a proportion of the cost of the improvement. 

This consideration would apply not only in municipalities 
where the works are owned by the public, but also in municipali- 
ties supplied by private companies. 

In states where the regulation of the service of water companies 


| 
q 
| 
a 
| 
a 
q 
: 


DISCUSSION. 209 


is wholly in the hands of the state health department, it is prac- 
ticable for that department, on the ground of public health, to 
require an extension of the water service to a sparsely settled part 
of a town where the public health requires such extension, but of 
course in such cases the remaining water takers must pay for a 
part of the cost of such improvement where the number of water 
takers and fire hydrants does not supply a sufficient return on 
the cost. In states in which the water-works regulation is in 
the hands of a public-service board, it would probably be imprac- 
ticable for such a board to act as a board of health, but this diffi- 
culty might be removed by suitable legislation. 

There are other considerations which affect the extension of 
water mains in sparsely settled districts, especially the question of 
the use of the public water supply for irrigation in densely popu- 
lated regions like Massachusetts. There is no doubt that means 
for irrigation are almost as necessary in the east as in the west, 
since extreme droughts for short periods often occur in the eastern 
states which result in the ruin of the year’s crops, a condition which 
could be avoided if irrigation were available. If agriculture is 
to be restored in New England, means for irrigation will have to _ 
be provided. While in many places it is not difficult for each 
farmer to provide his own irrigation system, there is no doubt 
that it can be provided at much smaller expense from public works. 
Water from public water-supply systems is already used to a very 
considerable extent in Massachusetts for irrigation on farms 
where the public water-supply pipes are available for such use. 
In fact, some of the public water supplies in the Connecticut 
Valley were introduced largely for the purpose of the irrigation of 
tobacco and onions in the early part of the year when crops are 
sometimes lost if a drought occurs. If the water-supply systems 
are to be used generally for irrigation, as will very probably be 
the case, the laying of the pipes in the beginning at least will 
involve a large expense which payment for the water used will 
in many cases fail to meet, since in Massachusetts the quantity 
of water required for irrigation would rarely be great, excepting 
in very dry years. With a provision for the assessment of a part 
at least of the cost of such works upon the municipality for the 
protection of the public health, where such protection is afforded, 
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and a part upon the estates benefited, the cost of extensions of 
water-supply systems need not fall wholly upon the individual 
who has the enterprise to introduce the water or upon the remain- 
ing water takers. It can be made to fall in many cases in part 
upon the municipality for the protection of health, and probably 
in large part upon all properties benefited by such extension. 
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PROCEEDINGS. 


Marcu MEETING. 


Hote, BRUNSWICK, 


Boston, Mass., 


March 12, 1919. 


The President, Mr. Samuel E. Killam, in the chair. 
The following members and guests were present: 


E. R. B. Allardice. 


M. N. Baker. 
L. M. Bancroft. 
J. F. Barrett. 
G. W. Batchelder. 
C. 8S. Beaudry. 
F. D. Berry. 

A. E. Blackmer. 
George Bowers. 
G. A. Carpenter. 
H. H. Chase. 

J. C. Chase. 

F. L. Cole. 
John Cullen. 

F. L. Cushing. 
C. E. Davis. 
John Doyle. 

E. D. Eldredge. 
Frank Emerson. 
W. E. Foss. 
Patrick Gear. 
H. T. Gidley. 


Honorary MEMBERS. 


F. E. Hall. 
F. P. Stearns. 


MEMBERS. 


J. Gifford. 

J. Goodale. 
A. Hale. 

R. Hathaway. 
A. Henderson. 
R. Hildred. 

L. Howard. 

F. Howland. 
A. Hoy. 

W. Kay. 

illard Kent. 

Killam. 

A. King. 

H. V. Macksey. 
A. E. Martin. 

J. H. Mendell. 
F. E. Merrill. 

G. F. Merrill. 
Leonard Metcalf. 
M. L. Miller. 
William Naylor. 


F. 
R. 
A. 
D. 
C. 
J. 
J. 
J. 
W 
G. 


R. J. Thomas. — 5. 


W. H. O’Brien. 
T. A. Peirce. 

H. E. Perry. 

E. W. Quinn. 

L. C. Robinson. 
H. F. Salmonde. 
P. R. Sanders. 
C. M. Saville. 
A. L. Sawyer. 
C. W. Sherman. 
Channing Smith. 
J. Waldo Smith. 
Sidney Smith. 

J. F. Sullivan. 
8. H. Taylor. 

E. J. Titeomb. 
D. N. Tower. 
R. S. Weston. 
H. T. Wheelock. 
G. E. Winslow. 


C. L. Wooding. — 64. 
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ASSOCIATES. 


Bond, Harold L., Co., by F. M. Bates. 

Builders Iron Foundry, by A. B. 
Coulters. 

Byers, A. M., by H. F. Fiske. 

Donaldson Iron Co., by C. F. Glavin. 

Eddy Valve Co., by H. R. Prescott. 

Fire and Water Engineering, by 
C. B. Hayward. 

Hayes Pump Machinery 
F. H. Hayes. 

Hersey Mfg. Co., by J. Herman 
Smith. 

Lead-Lined Iron Pipe Co., by T. E. 
Dwyer. 

Mueller, H., Mfg. Co., by C. J. G. 
Haas. 

National Meter Co., by J. G. Lufkin 
and H. L. Weston. 

Neptune Meter Co., by W. H. Me- 
Garry, Jr. 


Co., by 


Pittsburgh Meter Co., by G. C. 
Northrop. 

Rensselaer Valve Co., by C. R. Brown 
and I. A. Rowe. 


‘Smith, A. P., Mfg. Co., by F. L. 


Northrop. 

Thomson Meter Co., by E. M. Shedd. 

Union Water Meter Co., by H. W. 
Jacobs. 

United Brass Mfg. Co., by G. A. 
Caldwell. 

Warren Foundry and Machine Co., 
by H. H. Kinsey. 

Wood, R. D., & Co. by H. M. 
Simons. 

Worthington Pump and Machinery 
Corp., by Samuel Harrison and 
FE. P. Howard. — 24. 


GUESTS. 


MASSACHUSETTS 


Billerica, G. A. Stowers. 
Somerville, F. M. Hutchinson. 
Swampscott, John Albee. 


ISLAND. 


Bristol, J. M. Jones. 


New York. 


Woodhaven, James Cochran. — 5. 


The Secretary presented applications for active membership, 
properly endorsed and recommended by the Executive Com- 
mittee, from William Colquhoun, Yonkers, N. Y., superinten- 
dent Water Bureau; Charles B. Garmon, Lowell, Mass., resident 
engineer of general construction work and engineer in charge of 
fire protection and water-works system of Proprietors of Locks 
and Canals on Merrimack River; Stephen H. Taylor, New Bed- 
ford, Mass., assistant superintendent New Bedford Water Works: 
Charles L. Wooding, Bristol, Conn., chairman of water com- 
missioners; Morrison Merrill, Wakefield, Mass., superintendent 
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water and sewer department; A. J. Mylrea, Toronto, Ont., 
special risk engineer. 

On motion of Mr. Lewis M. Bancroft, the Secretary was directed 
to cast the ballot of the Association in favor of the applicants 
named, and he having done so they were declared duly elected 
members of the Association. 

PrEsIDENT am pleased to announce that the 
annual convention will ‘be held in Albany, N. Y., probably the 
second week in September. [A pplause.] 

Mr. William E. Foss, chief enginec’, Metropolitan Water 
Works, Clinton, Mass., read a paper, illustrated with stereopticon, 
entitled, ‘“ Brief Description of Break in 1 200 H.P. Turbine, 
Wachusett Power Plant, Metropolitan Water Works.’’ Messrs. 
Carleton E. Davis, F. H. Hayes, Robert S. Weston, Richard A. 
Hale, and Perey R. Sanders took part in the discussion. 

Mr. M. N. Baker, associate editor, Engineering News-Record. 
New York, read a paper on ‘“ Meeting Water-Main Costs by 
Assessments for Benefits.’’ The discussion was led by Mr. Caleb 
M. Saville and participated in by Messrs. Carleton E. Davis, 
A. R. Hathaway, Leonard Metcalf, A. E. Martin, Geo. A. King, 
Patrick Gear, John C. Chase, Fred L. Cushing, and Frederic P. 
Stearns. 

Adjourned. 
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EXECUTIVE COMMITTEE. 


Meeting of the Executive Committee of the New England 
Water Works Association at headquarters, Tremont Temple, 
Boston, Mass., Wednesday, March 12, 1919, at 11 o’clock a.m. 

Present: Samuel E. Killam, President; Henry V. Macksey, 
Charles W. Sherman, Percy R. Sanders, James H. Mendell, 
Frank J. Gifford, A. R. Hathaway, Patrick Gear, Lewis M. Ban- 
croft, and Willard Kent. 

Five applications for membership were received, viz.: A. R. 
G. Booth, assistant chemist, Massachusetts State Board of 
Health, Boston, Mass.; George M. Graffan, auditor, Portland 
Water District, Portland, Me.; W. W. Nye, trustee Kennebec 
Water District, Waterville, Me.; A. B. Thompson, assistant 
superintendent, Kennebec Water District, Waterville, Me.; and 
one application for reinstatement to membership, viz.: Thomas 
J. Carmody, water commissioner, Holyoke, Mass. 

On motion of Mr. Sanders, seconded by Mr. Gifford, it was 
voted: That the President represent the Association at the Tenth 
Annual Joint Dinner of the Boston Section of the American So- 
ciety of Mechanical Engineers, the Boston Section of the Ameri- 
can Institute of Electrical Engineers, and the Boston Society of 
Civil Engineers, at the Boston City Club on the evening of April 
2, 1919. 

Voted: That the President be and hereby is authorized to ap- 
point a delegate to meet with the National Service Committee 
on Engineering Council in joint session at Chicago, Ill., April 23 
to 25, 1919. 

Messrs. A. R. Hathaway and Patrick Gear, the Committee to 
investigate and report on a place for holding the next Annual 
Convention of the Association, presented their report and, after 
discussion — on motion of Mr. Gifford, seconded by Mr. Mack- 
sey — it was unanimously voted: That a four days’ convention be 
held at Albany, N. Y., in September next and the President is 
hereby authorized to appoint a Committee of Arrangements with 
full powers. 

Adjourned. Attest: WILLARD Kent, Secretary. 
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HARVEY M. GEER. 


The death of Harvey M. Geer, a member of the New England 
Water Works Association since October 10, 1897, occurred on 
March 18, at Troy, N. Y. 

The following is quoted from a local paper: 

Harvey Mosher Geer, of Ballston, a native Trojan, died at the 
Samaritan Hospital in this city yesterday. Mr. Geer was born 
in Troy, February 22, 1851, and was a son of the late Gilbert 
' Geer, Jr., and Frances A. Mosher. He graduated from the Troy 
high school and the Rensselaer Polytechnic Institute, class of 
1872, with degree of civil engineer, and was a member of the 
Zeta Psi college fraternity. 

Mr. Geer was engaged as engineer on the construction of the 
original Congress Street bridge and built the Third Street bridge 
under contract with the city of Troy; also the water-supply sys- 
tems for Johnstown, N. Y., and Fairhaven, Vt., and additions to 
the water-supply system of Amsterdam, N. Y. He was engaged 
on water-supply systems for Macon, Ga., and Westboro, Mass. 
For many years Mr. Geer was engaged in the manufacture of 
news print at Ballston Spa, with the late Harvey Donaldson of 
that place, under the name of Donaldson & Geer. Of late years 
Mr. Geer had been a consulting engineer, with offices in Ballston 
Spa, and was engaged in the development of hydro-electric pro- 
jects, water-supply and sewage-disposal systems, and in expert 
court work. His last work, immediately previous to his death, 
was on a hydro-electric development for the American Manufac- 
turing Company at Mechanieville, N. Y. 

Mr. Geer had been a member for many years of the American 
Society of Civil Engineers and New England Water Works Asso- 
ciation. He married Caroline Akin of Johnstown, N. Y., and is 
survived by her, a daughter, Helena Geer, and a son, Howard E. 
Geer, all of whom reside in New York. 
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OBITUARY. 
RUFUS MASON WHITTET. 


Rufus Mason Whittet, son of Alexander and Isabella (Proud- 
foot) Whittet, was born October 17, 1878, in Lowell, Mass., and 
died at Boston, Mass., on December 10, 1918. He came of 


Scotch ancestry, being a lineal descendant of James Whittet, of 
Kintillo, Scotland. 

He was educated in the Lowell public schools, having graduated 
from the Moody Grammar School in 1893 and from the Lowell 
High School in 1897, at the age of nineteen. Deeming it wise to 


216 ae 
J 


OBITUARY. 217 


further continue his academic studies, he returned the following 
year to the Lowell High School, taking the post-graduate course. 

Mr. Whittet then passed the entrance examinations for both 
Harvard College and the Massachusetts Institute of Technology. 
Deciding in favor of Technology, he entered that institution in 
1898 and graduated in June, 1902, with the degree of bachelor of 
science in the department of Sanitary Engineering, presenting as 
his thesis, ‘‘ A Study of the Stream-Flow Records of the United 
States Geological Survey.” 

Upon his graduation from the Massachusetts Institute of Tech- 
nology, Mr. Whittet joined the engineering staff of the State 
Board of Health, and in the wide field of work covered by that 
department he found employment congenial to his tastes. Taking 
a deep interest in its work, he soon became a most valued member 
of its staff and was the principal assistant engineer of the depart- 
ment at the time of his death. 

He’ was a civil engineer who believed in the elevation and dig- 
nity of his profession, and he acted on this belief with a fine en- 
thusiasm. His principal characteristics — clear thinking and 
sound judgment — were combined with great executive ability, 
and his early death ended a career begun with great promise. 

Mr. Whittet was a member of the American Society of Civil 
Engineers, the Boston Society of Civil Engineers, the New Eng- 
land Water Works Association, and a prominent member of the 
Masonic Fraternity. 

He was married in September, 1916, to Effie Osgood Byron, of 
Jamaica Plain, Mass., who, with a daughter, Helen Isabella, 
born January 16, 1918, survives him. 

In appreciation of his service to the state, the State Depart- 
ment of Health adopted the following tribute to his memory: 


“ Rufus Mason Whittet, C. E., principal assistant engineer of 
this department, died on December 10, 1918, a victim of the 
prevailing influenza epidemic. 

“ Mr. Whittet joined the engineering staff of the State Board of 
Health upon his graduation from the Massachusetts Institute of 
Technology in 1902, and has been the principal assistant engineer 
of the department since 1908. 

“ His energy, thoroughness, clear thinking, and sound judgment, 
were of invaluable assistance in the studies of water supply and 
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drainage and the great variety of kindred problems embraced in 
the work of the department, while his quiet manner, his fairness 
and his kindness made work with him a pleasure. These qualities, 
with a high sense of honor and loyalty to his associates, made him 
respected by all and loved by a wide circle of friends.” 


T. P. MARTIN. 


Died August 11, 1918. Superintendent Water Works, West 
Springfield, Mass. Member of New England Water Works 
Association since September 9, 1914. 
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WILLARD KENT, Sec’y, 
715 Tremont Temple, Boston, Mass. 


$ .75 
Dear Sir : Enclosed please find gt in payment of charge for Certificate 
2.2 


of Membership in the N. E. W. W. Association ($1.50), and Mem- 
bership Button ($ .75), which please mail me and oblige 


Yours truly, 
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ADVERTISEMENTS. 


Water Meters 


FOR ALL WATER WORKS SERVICE 


All Sizes, 5-8 to 6O inches 


CROWN EMPIRE 
NASH GEM 

EMPIRE:COMPOUND 
PREMIER 


With the only reliable straight- 
reading register in the marKet 


National Meter Company 


299 BROADWAY 
NEW YORK CITY 


BOSTON CHICAGO PITTSBURG 
159 Franklin St. 2626-2628 South Park Ave. 4 Smithfield St. 


ATLANTA CINCINNATI SAN FRANCISCO 
Third National Bank Bldg. 10 West Third St. 141 New Montgomery St. 
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ADVERTISEMENTS. 


GAS ENGINE and 
TRIPLEX PUMP 


Town and Village Water 
Works ¥ ¥ ¥ and Pump 


ing Service Generally 


CAN BE ADAPTED FOR 
EITHER GAS OR GASOLENE 


National Meter Company 
299 BROADWAY NEW YORK 


BOSTON: 159 Franklin St. CHICAGO : 2626-2628 South Park Ave. 
PITTSBURG: 4 Smithfield St. SAN FRANCISCO: 141 New Montgomery St. 
CINCINNATI: 10 West Third St. ATLANTA: Third National Bank Building. 
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APPROVAL 


HERSEY DETECTOR METER 


The Hersey Detector Meter has 
been accepted for thirteenyears in 3; 
4; 6,8. 12’ sizes without. any 
restrictions or conditions of any 
kind by every Insurance Company, 
stock and Mutual, doing business 
in the United States, and by the 
Water Departments and Water 
Companies in more than 600 Cities 
and Towns for use on over 4.000 
Fire Services protecting over 
§2000,000.000 worth of Insured Property 


HERSEY MANUFACTURING COMPANY 


BosTON NEWYORK CHICAGO COLUMBUS,O 
PHILADELPHIA ATLANTA SAN FRANCISCO 
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ACCURAGY, LONG LIFE, 
Avoidance of Repairs 


Are the Requisites of the Perfect Water Meter and 
are the Principal Features of the 


“ LAMBERT.” 


Our unbreakable disk-piston, reinforced with an internal steel 
plate, can be found only in the LAMBERT METER. 

The growing popularity of the water-meter system is attributed 
by many to the inherent excellence of the ** LAMBERT” meter. 
Where ** LAMBERT ” meters are selected, success is assured. 


THOMSON METER CO. = 
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A Trident for Every Service ! 


WHY are there more than a million 
and a half TRIDENTS in service ? 


There is only one reason,— TRIDENTS are more continuously accu- 
rate, more durable, more economically maintained. They are the best 
meters. Don’t stint quality — you need the best for your services! 


NEPTUNE METER COMPANY 
50 EAST 42d ST., NEW YORK CITY 
Atlanta Boston Chicago 


Cincinnati Denver Portland 
San Francisco Los Angeles Seattle 
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**ARCTIC”’ 
**KEYSTONE” (Frost 
Bottom) 


**KEYSTONE- 
COMPOUND ”’ 


“UTILITY ”’ 
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ADVERTISEMENTS 


ROM mammoth Holly Pumping Engines 
down to small flow water meters, every 
item in the Worthington water works list 


has deserved and earned the confidence of 
engineers the world over. Long experience 
in the field has guided our designs; and the 
results of that experience show not alone in 
the products themselves, but in the public 
appreciation of them which keeps our eight 
great plants busy. 


WORTHINGTON PUMP AND MACHINERY CORPORATION 
Executive Offices: 115 Broadway, New York City 
Branch Offices in 24 Large Cities 


WORTHINGTON 


WORTHINGTON PRODUCTS FOR WATER WORKS COMPANIES : 


Artesian Well Pumps Water Works Pumping Engines Centrifugal Pumps 
Condensers Oil and Gas Engines Water Meters 
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Bulletins on any of above preducts sent free on request pets 
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AMERICAN. NIAGARA 


ACCESSIBLE 


Our meter may be opened at the 
bolted flange without disconnecting it 
from the pipe, each intermediate gear 
may then be lifted from its bearing and 

- the measuring chamber removed from 
its seat. No other meter is so simple 
and accessible for inspection, cleaning 
or repairing. Sample meter sent to any | 
water works on trial. 


BUFFALO METER CO. 


2917 MAIN ST. EST.1892 BUFFALO,N.-Y. 


PAMERICAN ann NIAGARA 
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ADVERTISEMENTS. 


UNION WATER METERS 


King Model ‘‘B”’ Disc Meter 


WATER METERS 


cannot be any better than their gear trains, and the life 
of the gear train is determined by its ability to with- 
stand corrosive conditions. 


Hard rubber bushed spindles, intermediate spur gears 
of hard rubber and phosphor bronze have been a feature 
of Union Water Meters for forty years. In recent 
years this has been further perfected by the adoption 
of Monel Metal for spindles and screws. 


The buoyancy of rubber spur gears renders the meter 
more sensitive and minimizes wear. 


Makers of Approved Water 
Works Specialties since 1868 


Union Water Meter Co. 


WORCESTER, MASS. 
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ADVERTISEMENTS. 


Globe Special 
Castings 


We are well equipped to 
make water pipe cast- 
ings of all shapes and 
sizes, and are prepared 
to make prompt deliv- 
eries. 


Years of experience have 
enabled us to turn out cast- 
ings of great durability and 
serviceability. 


Odd shaped castings of all 
kinds made promptly to 
order. 


We shall be glad to figure 
on your requirements. 


We also manufacture 


Ohe 
VENTURI METER 


which will measure your water supply and 
record any loss of flow on a 12” circular 
chart. 


58 Venturi meters are in use in the Chain 
of Rocks Filtration Plant, St. Louis, Mo. 


Let us send you Bulletin 84. 


Builders Iron Foundry 


Providence, Rhode Island 


BRANCH OFFICES: Atlanta, Ga., San Fran- 
cisco, Cal., Portland, Ore., New York, N. Y., 
Pittsburg, Pa., Chicago, Ill., Toronto, Canada. 
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ADVERTISEMENTS. 


C. D. Kirkpatrick 
Established 1878 


B. F. SMITH & CO. . 


Incorporated 


Artesian and Driven Wells, 


Engineers and Contractors for Muni- 
cipal and Private Water Works 


Merchants Bank Building 
Street, Room 610, 


30 State 


NICHOLAS S. HILL, Jr. S. F. FERGUSON 
HILL @ FERGUSON 
Consulting Engineers 
Water Supply — Sewage Disposal 
Hydraulic Developments 


Reports, Investigations, Valuations, Rates, 
Design Construction,Operation, Management 
Chemical and Biological Laboratories 
112 EAST 19th ST. NEW YORK CITY 


S. P. Gates 


Foundation Boring WATER SUPPLY AND SEWERAGE 


| 
| 


Boston, Mass. | 


| 14 Beacon Street 


Metcalf & Eddy 


Harris Trust Building 
Chicago, Ill. 


Boston, Mass. 


Design Construction 
Supervision Management 
Reports Valuations 


HENRY A. SYMONDS 


Consulting Engineer 


70 Kilby Street, Boston, Mass. 
WATER SUPPLY 
Surveys — Estimates — Designs 

Supervision 
MANAGF MENT AND ORGANIZATION | | 
EFFICIENCY Rt PORTS 


Valve 


NEPONSET, MASS. 


Sluice Gates, Gate Valves and Fire Hydrants 


WILLIAM R. CONARD 


Assoc. Mem. Amer. Soc. C. E. Assoc. Amer. Soc. M. E. 
322 High St., Burlington, N. J. 


Inspections and Tests of Materials 


Reports Specifications 
Designs Inspections 
Tests 


| Standpipes 
ater Tanks 
Gas Holders 
and all other metal surfaces 
need the protection of 


DIXON’S 
Silica-Graphite 
PAINT 
BOOKLET NO. 87-B 
JOSEPH DIXON CRUCIBLE 
CO. Jersey City, 


| WATER PIPE AND FITTINGS 


We Carry in BOSTON STOCK for Immediate 
Shipment 


CAST IRON BELL AND SPIGOT 


FLANGED PIPE in full and short lengths 
WROUGHT PIPE 
FRED A. HOUDLETTE & SON 
(Incorporated) 
93 Broad Street, Boston, Mass. 


Quotations furnished promptly for shipment 
from Foundry 


NEW YORK 


H. W. CLARK CO. 
122 South Seventeenth St., Mattoon, Illinois, U.S.A. 


BRANCH OFFICES 
SAN FRANCISCO 


MANUFACTURERS 

The Clark Meter Box — Meter 
Testers, Service and Valve 
Boxes, Valve Housings, and 
most everything for the 
Water Department. 


Send for catalogues, prices, etc. 


CHICAGO 
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ADVERTISEMENTS. 


“The Goods ThatPlease’ 


Corporation 


and 


Curb Cocks 


We have them to meet 
every requirement 


ORIGINAL 
66 
Hays-Erie 
Extension Service Boxes 
of proven advantages 


Let us send at our risk, on 
30 days’ trial, a 


Payne’s Patent 
Tapping 
Machine 


which is recognized to be 
the most easily operated 
owing to the few working 
parts. 


KEY FOR 
TAKING OFF 
COVER. 


¥09 JOAYIS NOISNILXI 


8 SVD 40 TWNOILIIS 


Mfg. Co., 


Established 1869 
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ADVERTISEMENTS. 


INLET ADJUSTING 
VALVE SPINDLE 


ADJUS TAS, 


TER REST pack PRESSURE 


The People Demand Increased Efficiency 


You can make sure your Department gets full revenue 
for every gallon of water used—by seeing that all meters 
are regularly tested for accuracy—with the 


Mueller Water Meter Tester 


The Mueller will prove exactly what each meter does 
—will enable you to adjust each meter to absolute accu- 
racy—will save more than its cost year after year. Used 
and endorsed by leading municipalities. The name 
Mueller guarantees both Quality and Service. 


Detailed description and prices on request. 


A. MUELLER MANUFACTURING CO.. Decatur, Illinois 
Phone Bell 153—Auto 2131 


Water, Plumbing and Gas Brass Goods 


New York City, 145 W. 30th St. -— Phone, Madison Square 5397 
San Francisco, 589 Mission St. — Phone Sutter 3577 
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ADVERTISEMENTS XV 


We make Pressure Regulating Valves 
WATER for all purposes, steam or water. 


FILTERS Our Feed.Water Filter will keep cil 

| out of your boiler. 

REGULATORS We can interest you if you use a condenser. 

Water Engines for Pumping Organs 
THE Ross VALVE MrG. Co. 

TROY, N. Y. Ast your organ Plier tor 


ENOUGH WATER? 


If not, it is probably because of lack of carrying capacity of 
your mains. Consult us. 


Illustrated booklet upon req 


NATIONAL WATER MAIN CLEANING CO. 
50 Church Street New York City 


They set the Pace 


ASHTON POP VALVES 
and... STEAM GAGES 


Superior in Quality of material and workman- : 

ship, and with greatest efficiency and durability, N° 74- and 
they challenge comparison with any others on ne Pe! 
the market. Senda trial order subject to ap- 

proval ONLY IF SATISFACTORY, and thereby prove the claims made for 
them. HIGH GRADE GOODS OUR EXCLUSIVE SPECIALTY. 


Siaiionary Boers. The ASHTON VALVE CO., 274 Franklin Street, BOSTON, MASS. 


Stationary Boilers. 


S.D.M. J. 
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ADVERTISEMENTS. 


R. D. WOOD @ CO. 


400 CHESTNUT STREET, PHILADELPHIA, PA. 


Engineers, Iron Founders and Machinists 
CENTRIFUGAL PUMPS 
PUMPING ENcINEs Cast Iron P Ipe 


CUTTING-IN TEES 


Old Way 


Connections economically and eas- 
ily made with one fitting. Saves 
sleeve, cuts, lead and unnecessary 
work and material. 


‘Reduced Specials” 


Cost of fittings reduced from 25% 


to 50%. Full strength. bells. 


the piece. 


Mathews 
Fire Hydrants 


A half century of use has established tizir reputation as 
being the most economical, durable and simple hydrant, 


Number in use exceeds total of all other 
makes combined. 


Gate Valves 


R. D. WOOD & CO. STANDARD 
DOUBLE DISK 
ANTI-FRICTION 
EXTRA WEIGHT, FINISH 
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ADVERTISEMENTS. 


“LUDLOW VALVE MFG. CO, 


MANUFACTURERS OF 


VALVES and FIRE HYDRANTS 


This hydrant is anti- freezing, because 
when the drainage is good no water is left 
in it to freeze. 


The drip is directly in the bottom of the 
hydrant and drains perfectly It is protected Giiiaess 
by its valve, which never leaves its socket \ 
and cannot be clogged. 


DOUBLE AND f FIRE 


SINGLE GATE we 
valves, 


ALSO CHECK 


“ee wisi, 
AND FLUSH 


VALVES. HYDRANTS. 


SEND FOR CIRCULARS. 
OFFICE AND WORKS: FOOT OF ADAMS STREET, TROY, N. Y. 


BRANCH OFFICES: 


NEW YORK PHILADELPHIA BOSTON PITTSBURGH CHICAGO KANSAS CITY 
62 GOLD ST. HARRISON BLOG. OLIVER BLOG. IST NAT. BANK BLOG. THE ROOKERY VICTOR BLDG, 


WATER WORKS 
SUPERINTENDENTS! 


Is your per capita consumption too high ? 


Do you account for less than 85% of your pumpage ? 


Are you receiving full revenue from your manufactur- 
ing consumers 


If any of these ‘problems confront you, write us at 
once, without obligation, and let us tell you about 
our PITOMETER SURVEYS. 


THE PITOMETER COMPANY 


25 Elm Street (N. Y. Edison Building) 
NEW YORK CITY, N. Y. 
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ADVERTISEMENTS. 


THE CHAPMAN 
VALVE 
COMPANY 


Manufacturers of 


Gate Valves Drip Valves 
Gate Fire Hydrants 
Corporation Cocks Curb Cocks 
Anderson Couplings 


Lead Pipe Connections 


WRITE FOR OUR WATER-WORKS CATALOG 


Main Office and Works 
Indian Orchard, Mass. 


BRANCH HOUSES 


BOSTON, MASS. NEW YORK CITY PHILADELPHIA CHICAGO 
141 High St. 180 Lafayette St. 1911 Filbert St. 116 N. Jefferson St. 
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ADVERTISEMENTS. 


NORWOOD ENCINEERING CO. 
FLORENCE, MASS. 


“IMPROVED” WALKER FIRE HYDRANTS 


aso tHe OLD RELIABLE LICENSED MANUFACTURERS OF 


“Holyoke” Gate Hydrant The Vivian Rate Controller 


WRITE FOR CIRCULARS 


We Want More Members 


Help Us Get Them 


Use Application on Last Page of Advertisements 


Warren Foundry and Machine Co. 


SALES OFFICES 
11 BROADWAY, NEW YORK 


201 DEVONSHIRE ST., BOSTON, MASS. 
Telephone, Fort Hill 5951 


CAST IRON PIPE 


Bell and Spigot Flanged Pipe 
Special Castings 
Flexible Joint Pipe Cylinders 


Water Gas Sewers Culverts 


Works, Phillipsburg, N. J. 
LARGE STOCK ENABLES US TO MAKE QUICK SHIPMENTS 


ie MANUFACTURERS OF 
‘Se 
j 
: 


PATENIT/ RUBBER: FACED 


HIRE 


Hydrant with 
Independent Nozzle Cutoff. 


Vertical Foot-Valve. 


Horizontal! Check¥alve 


Hydrant with Water Crane with 
Water Grane Attachment. indicator Post, Automatic Dnp Valve 


All Goods made by the EDDY VALVE COMPANY are 
manufactured exclusively et WATERFORD.NY..U.S.A 


Vauve Giosep-Drip Open. 


| 
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A 
Section of Taper Seat-Valve 
Section of Vertical Foot-Valve. . 
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ADVERTISEMENTS. xxi 


THAT NEW BOOK 


“BULLETIN A” 


should be of 
interest to you, if 
you use the 


COREY 
HYDRANTS 


Send for it. 


RENSSELAER VALVE Co. 
TROY, N. Y. 


EMAUS PIPE FOUNDRY, 
DONALDSON IRON CO., 


MANUFACTURERS 


CAST 
IRON 


AND 


Special Castings for Water and Gas. 
Also Flange Pipe, Street Castings, 
Manhole Heads and Covers, etc. 


EMAUS, 
LEHIGH COUNTY, PA. 


Secretary and Treasurer. 
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ADVERTISEMENTS. 


Triumph 
of the 
Bell-and-Spigot 
Joint 


Thirty thousand feet — 2,500 bell 
and spigot joints — of U. S. Cast-Iron 
Pipe — laid over rough country — 
granite bowlders — sharp dips of from 
12 to 20 feet under water — and all 
without a special casting or a bend of 
any kind. 


Such is the latest story of Cast-Iron 
Pipe efficiency — and the efficiency of 
the good, old-fashioned bell-and-spigot 
joint. 

There were 2,500 joints, and out of all 
that multitude only three showed slight 
signs of leakage when the line was 
tested. 


At one point the line dipped through 
a lake, dropped 20 feet under water, 
then rose to the shore on the other side. 
The lake was narrow, — we’ll show you 
a picture of that later, — so you can 
imagine the tremendous strain to 
which those joints were subjected. 
With that in mind just recall that only 
three joints out of 2,500 showed even a 
slight leak. Some 2,497 joints perfect, 
in spite of the rocky-road-to-Dublin 
conditions almost everywhere. 


Where was it? Medicine Canyon, 
Okla. What pipe was it? The pipe 
with 250 years’ service record back of 
it, — 


24” Line looking South from Dan through Medicine 
Canyon. . 


UNITED STATES 


CAST 


IRON P IP E FOUNDRY 
COMPANY 


762 E. Pearl St., Burlington, N. J. 


SALES OFFICES 


Philadelphia — 1421 Chestnut Street. 
Pittsburgh — Henry W. Oliver Building. 

New York — 71 Broadway. 

pp 122 South Michigan Boulevard. 
Cleveland, Ohio — 1150 East 26th Street N.E. 
St. Louis — Security Building. 

Birmingham, Ala. — American Trust Building. 
San Francisco — Monadnock Building. 
Buffalo — 957 East Ferry Street. 

Minneapolis, Minn. — Plymouth Building. 


U. CAST IRON 


“THE PIPE THAT OUTLASTS THE AGES” 
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ADVERTISEMENTS. 


THE A. P. SMITH MANUFACTURING CO, 


EAST ORANGE, N. J. 
Manufacturers of 
Tapping [lachines, Fire Hydrants, Water Gates, 
Economic Lead Furnaces, 
Corporation and Curb Cocks, Brass and Aluminum Castings. 
Also General Supplies for Water and Gas Works. 


Write for Catalogue. 


NICHOLAS ENGEL 
JOHN FOX @ CO. 
CAST IRON 
WATER @ GAS PIPES 
FLANGE PIPE 


Special Castings, Fire Hydrants, Valves 
General Foundry and Machine Work 


253 BROADWAY 2 = NEW YORK CITY 
Postal Telegraph Building 


HIGHEST AWARD, GOLD MEDAL, 


ST. LOUIS EXPOSITION, 1904 


Over 100 Water Departments 


use 


LEAD-LINED TRON and TIN-LINED PIPES 


for their service connections 


MANUFACTURED BY 


Lead Lined Iron Pipe Company 


Wakefield Mass. 


ase 
: 
Mee. 
eT 
|| 


XXIV ADVERTISEMENTS. 


Chadwick-Boston Lead Pilly 


162 Congress St., Boston 


Agents for 


The Celebrated “ULCO” 


LEAD WOOL 


(Every Atom Pure Lead) 


For calking pipe joints under the most 
difficult conditions. 


For overhead joints, or in wet places 
where the use of molten lead is not only 
impracticable, but dangerous — LEAD 
WOOL may be employed to advantage. 
It makes perfectly tight joints to withstand 
the highest pressures, yet sufficiently elastic 
to admit of considerable sagging or settling 
of the pipe without causing the joint to 
leak. The difference in this respect, as 
compared with the poured joint, is notable. 


NO FIRE — NO DANGER —NO TROUBLE. 


Highest quality Lead Lined Iron 
Pipe and Fittings 
Also Pure BlocK-Tin Lined Iron Pipe and Fittings 


Lead Pipe, Tin Lined Lead Pipe, Pure Block-Tin 
Pipe, Solder Pig Lead, White Lead and Red Lead 


i 
RS 
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EDSON M’F’G COMPANY 


275 ATLANTIC AVE., BOSTON, MASS. 


This Engine is built 
for Diaphragm Pumps 
by the makers and in- 
ventors of the Pump. 


‘Fifty years’ experience 

is behind it — reliable 
as the original pump 
you have known for 
years. 


Now in use by many 
of the Water Depart- 
ments. 


Mounted on Skid or 
4-Wheel Hand Truck, 


NO. 1 AIR-COOLED GASOLINE ENGINE 


Can be attached to any Diaphragm Pump aS desired. 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS. 


ARTESIAN AND DRIVEN WELLS. 
B. F. Smith & Co. .... 


BRASS GOODS. 
Mfg. Co. 
The A. P. Smith M’f’'g Co... . 
Union Water Meter (o... 


CAST ILBRON PIPE AND SPECIALS. 
Builders Iron Foundry 
Donaldson Iron Co 
John Fox & CU 
Houdelette, Fred A., & Son 
U. S. Cast Iron Pipe and Foundry Co. 
Warren Foundry and Machine Co 
R. D. Wood & Co.... 


CLEANING WATER MAINS. 
National Water Main Cleaning Co. . 


ENGINEERS. 


Hill, Nicholas S., Jr., & S. F. Ferguson 
Metcalf & Eddy 
Symonds, Henry A. 


FILTERS AND WATER SOFTENING PLANTS. 
Norwood Engineering Co.. ... ees ees 


FURNACES, ETC. 
H. Mfg. Co 
The A. P. Smith M’f'’g 
The Leadite Co...... 


(Index continued on page rrz.) 
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ADVERTISEMENTS. 


Twelve Reasons Why 
YOU SHOULD USE 


Registered U. S. Patent Office 


FOR 
Jointing Water Mains 


DURABILITY. Leadite joints increase in strength with age. 

NO CAULKING. Leadite joints require no caulking, because 
the Leadite adheres to the pipe, making a water-tight bond. 

COMPARATIVE QUANTITIES. One ton of Leadite is 
equivalent to four tons of lead. 

LABOR SAVING. Saves caulking charges and digging of 
large bell-holes, and reduces the cost of trench pumping to 
the minimum. 

COST. Its use saves 50 to 65 per cent. over lead, owing to the 
saving effected in material and labor. 

TOOLS. As no caulking is required, fewer tools are needed. 

TRANSPORTATION. Considerable freight charges are saved 
because Leadite is lighter than lead. 

HAULING. Saves hauling expense on the work because you 
move only one fourth the weight of jointing material. 

FUEL. saves fuel because you melt only one ton of material 
instead of four, and not as much heat is required either. 

DELIVERY. We can make prompt shipments. 

DAMAGE SUITS. Claims for damages caused by joints blow- 
ing out are prevented because Leadite joints will not blow 
out under any pressure. 

USERS. Progressive water works all over the country use 
Leadite. 


WRITE FOR BOOKLET 


THE LEADITE COMPANY, Inc. 
LAND TITLE BUILDING PHILADELPHIA 


: 
_ 
{ 
XXV1 
“9 
I . 
3- 
4- 
9. 
0 
10. 
II 
I2 
e 


ADVERTISEMENTS. 


Laying 66-inch Reinforced Concrete 
“Lock Joint” Pipe for the Greater Win- 
nipeg Water District. 


Length, 10 miles. 
Heads, 45 to 90 feet. 


All Pressure Pipes are provided with 
Copper Expansion Joints. 


The Strongest and Most Permanent 
Water Pipe made. 


We will gladly furnish you with 
estimates. 


LOCK JOINT PIPE CO. 


165 BROADWAY NEW YORK CITY 
Factory, Ampere, N. J. 
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ADVERTISEMENTS, 


The 
Design and Construction 
of | 
Water-Works Systems 


and Novel Features in their 
Management are given 
careful attention by 


Engineering 
News-Record 


It also gives prominence to the 
following departments of a 
Water-Works System: 


DAMS PIPE SYSTEMS 
AQUEDUCTS WATER TOWERS 
PUMPING STATIONS FILTERS 


SAMPLE COPIES FREE 
Subscription Price, $5.00 a Year 


ENGINEERING NEWS-RECORD 


J0TH AVE. AT 36TH STREET NEW YORK 
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ADVERTISEMENTS. 


TS PER POUND 


PRICE TEN CENTS PER POUND PRICE TEN CENTS PER POUND PRICE TEN CENTS PER POUND PRICE TEN CENTS PER POUND PRICE TEN CENTS PER POUND TEN CEN’ 


TEN CENTS PER POUND PRICE TEN CENTS PER POUND PRICE TEN CENTS PER POUND TEN CENTS 


Join Your Water Mains 
WITH 


TRADEMARK 


AND CUT YOUR EXPENSES 


50° FIRST COST 
50% SMALLER BELL HOLES 
75% HANDLING 
100% CALKING 


OUR PROPOSAL 


That the prospective users purchase a trial 
lot of 1 to 5 bags, and that this be used 
under the direction and according to the in- 
structions of our representative. 


If, after a trial, the purchaser is not satisfied 
with the material, any surplus not in use to be 
returned to the Lead-Hydro-Tite Company, and 
no charge to be made for any of the Lead- 
Hydro-Tite furnished. 


Owned, Manufactured and 
Sold by New Englanders 


Write for Particulars 


Fred A. Houdlette & Son, Inc. 


Sole New England Sales Agents 
93 BROAD STREET BOSTON, MASS. 


GNQ0d Yad NAL Yad BLNAO ANNOd SLNAD NQL a 


TEN CENTS PER POUND PRICE TEN CENTS PER POUND PRICE TEN CENTS PER POUND TEN CENTS 
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GAS ENGINES. 


GATES, VALVES, AND HYDRANTS. 
Coftin Valve Co. 


Rudy Valve Oo... 
John Fox & 
Ludlow Valve MP, Co. 


Norwood Engineering Co... .... 


INSPECTION OF MATERIALS. 


LEAD AND PIPE. 


Chadwick-Boston Lead Co. ......... 
Lead Lined Iron Pipe Co... 


LEADITE 
The Leailite COs 


Lead-Hyaro-Tite, F. as Houdlette & Son, 


METERS. 
Buffalo Meter(o. .... 


Worthington Pump and Machinery Corp'n n 


METER BOXES. 


OIL, GREASE, ETC. 


PIPE JOINTS. 


The Leadite Co... . cc 


PRESSURE REGULATORS. 
H. Muoller 
Ross Valve M’f'g Co. ve 
Union Water MeterCo. 


PUMPS AND PUMPING ENGINES. 
National Meter 

R. D. Wood &Co. .. 


REINFORCED CONCRETE PIPE. 
Lock Joint Pipe Co. . 


TAPPING MACHINES. 

The A. P. Smith M’f’g Co....... 


TOOLS AND SUPPLIES. 
H. Mueller Mfg. Co. ....... 
The A. P. Smith M’f’'g Co..... 


woonD PIPE. 
Michigan Pipe Co. . . 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued,) 


Builders Iron Foundry 
National Meter Co......-.. 
Neptune MeterCo.... 
Pittsburg Meter-Co. ... 
Thomson Meter Co... 
Union Water Meter Co....... 


Jos. DixonCrucibleCo. .. cc 
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England 
Water Works 


Association, 


ORGANIZED JUNE 12 1882. 


APPLICATION FOR MEMBERSHIP. 


I, the undersigned, residing at 


being desirous of admission 


into the New England Water Works Association, hereby make 


application for 


(resident, non-resident or associate) 


membership. 


Iam years of age, and I 


have been engaged in the following named work: 


I will conform to the requirements of membership if elected. 


Signed, 


Address, 


Dated, 191 


Resident members are those residing in New England; all others are non-resident. 
Entrance fee is $5.00 for resident and $3.00 for non-resident members. 
Annual dues are $4.00 for both resident and non-resident members. 
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Patronize 


the Advertisers in the 


JOURNAL 
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The Journal of the New England Water Works Association 

is a quarterly publication, containing the papers read at the meetings, to- 

gether with verbatim reports of the discussions. Many of the contribu- 

. tions are from writers of the highest. standing in their profession. It 
affords a convenient medium for the interchange of information and experi- 
ence between the members, who are so widely separated as to find frequent 
meetings an impossibility. Its success has more than met the expectation 
of its projectors; there is a large and increasing demand for its issues, and 
every addition to its subscription list is a material aid in extending its deld 
of usefulness. ALL MEMBERS OF THE ASSOCIATION RECEIVE THE JOURNAL 
IN PART RETURN FOR THEIR ANNUAL St to all others the subscription 
is three dollars per annum. 


‘TO ADVERTISERS 


Tes attention of parties dealing in goods used by Water Departments is 

called to the JoURNAL OF THE NEW ENGLAND Water WORKS Asso- 
- CIATION as an advertising medium. 

Its subscribers include the principal WareR Works ENGINEERS and 

ConTRAcTORS in the United States. The paid circulation is over 1,000 

COPIES. 

Being filled with original matter of the ‘eealens interest to Water 
Works officials, it is PRESERVED and constantly REFERRED TO BY 
THEM, and advertisers are thus more certainto REACH BUYERS than 
by any othex "ueans. 

The JODKNAL is not published as a means of revenue, advertisements 
being inserted solely to help meet the ct expense of publication. - 


ADVERTISING. RATES. 


One page, one year, four insertions. 4. tis 
One-half page, one year, four insertions . . 


One-fourth page, one year, four insertions Twenty-five Dollars. 
One-twelfth page (tard), one year, four insertions Ten Dollars. 
One page, siigle insertion Thirty Dollars. 
One-half page, single insertion . « Twenty Dollars. 
One-fourth page, single insertion Fifteen Dollars. 
Size of page, 7j x 4} net. 
Ae A sample copy will be sent on application. 


HENRY A. SYMONDS, 
Balter and Advertising Agent, 
TO KILBY STREET 
BOSTON, MASS. 
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MICHIGAN 


COMBINATION STEEL anp WOOD 


WATER PIPE 


Look ‘into the 
water pipe ques- 
tion for work 
this season, and 
see why Mich- 
igan Combina- 
tion Pipe is the 
pipe that fits 
your needs. 

Investigate the 


question and 


Jearn that Mich- 


igan Pipe can 
start to leave this 
factory for your 
job almost as 
soon as it is or- 
dered. Know 
that we willsend 


Read the Whole 
17 Service Aids 


(1) Durability—40 years’ record}! 
(2) Frostproof 
(3) Corrosion-proof 

(4) Laid in a Wet Trench 

(5) Low Repair Costs 

(6) Enduring Strength 

(7) — Connections Easily 


ade 
(8) Preserves Purity of bree 
(9) Light Weight (Easily handled) 
(10) No Electrolysis 
(11) Low Cost of Laying 
(12) Low Initial Cost 
(13) Greater Carrying Capacity 
(14) Nominal Maintenance Costs 
(15) Laid by Common Labor 
(16) Made by a Firm with 40}| 
perience 


Years 
(17) We Help to hae It 


aman to any 
part of the coun- 
try to supervise 
the laying of 
Michigan Pipe. 
And remember 
— “Steel for 
Strength- Wood 
for Durability.” 


Write for the 
Michigan Pipe 
Book with further 
facts and many 
valuable tables. 


BAY CITY 


Michigan Pipe Company, pa 


Chicago: 900 Lytten Builéing w York: 30 E. 42d Street 
Tenn,: 319 Hamilton Nations! Bank Bldg. 
and: 208 American Trust Bldg. 
F. LOEFFLFR, 711 Majestic Bldg. City, Okla. 
T. A. MORRISON 2 CO., 204 St. poe St., Montreal, Que. 


Fred A. Houdlette and Son, Inc. 


New England Representative 
93 BROAD STREET . BOSTON. MASS. 
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